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Turtox 


Micro-Replica Kits 


These easily used kits are suitable for handling by either the 
teacher or student. The resulting replicas demonstrate amazing 
microscopic detail when examined with a microscope. 
320A905 Turtox Micro-Replica Kit for Surface De- 

tails. All needed materials and instruction leaflet .. $2.00 


320A908 Turtox Snow Flake Replica Kit. Makes per- 
manent exact replicas of actual snow flakes. With 


tte GENERAL BIOLOGICAL SUPPLY HOUSE 


Incorporated 
8200 SOUTH HOYNE AVENUE 
CHICAGO 20, ILLINOIS 
The Sign of the Turtox Pledges Absolute Satisfaction 


Please Mention School Science and Mathematics when answering Advertisements 


: 

= 

oe 

he 

E 

2.00 

J 

=, 


ARRIVAL 
AS 
SCHEDULED 


the revolutionary new high school physics program you have been waiting for— 


PHYSICS 


The Physical Science Study Committee of Educational Services Incorporated 


Designed to meet the challenge of the age . . . tested thoroughly and found suitable 
for physics students of various abilities . . . this all new text concentrates on the 
fundamentals of physics. Here is a book that is without parallel in laying a solid 
foundation for higher experimental and theoretical physics . . . in building under- 
standing of the world around us . . . in developing young minds to cope ably with 


the problems progress presents. 


From the development of a concept of wave behavior, treated as part of the study 
of light, and the development of Newtonian mechanics, the student moves to a syn- 
thesis of these developments to reach an understanding of the wave-mechanical ex- 


planation of the internal structure of atoms—the basis of modern physics. 


The direct, fully mature text, the laboratory guide, the carefully devised Teacher’s 
Manual incorporating realistic help—all make this the most valuable physics pro- 
gram ever offered—20th century science teaching at its best! 


D. C. HEATH AND COMPANY 
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Behind the explosive growth 


of earth science courses | 


lies a superb text— 


EARTH SCIENCE 


THE WORLD WE LIVE IN 


by and STONE 


Schools across the country are adding earth science courses to the 
curriculum. One of the vital factors in the explosive growth of this fas- 
cinating subject is a superb text, the Namowitz and Stone Earth Science 
—The World We Live In, which has fully earned the praise heaped 
upon it by reviewers: 


—packed with factual data, accompanied by excellent pho- 
tos, sketches and drawings on almost every page (The 
Mineralogist) 


4 —one of the best, if not the best, book on the overall story of the 

4 earth . . . a complete, yet easy to read book that will tell you 
about all phases of the earth, its rocks and its environment (Gems 
and Minerals) 


—copiously and beautifully illustrated (New York State Edu- 
cation) 


—a noteworthy service to education at the secondary level (Earth 
Science ) 


—completely reorganized and up-dated . . . very well illus- 
trated and attractively bound with full color photographs 
on the cover (GeoTimes) 


When you are planning your own earth science course, remember the 
leading text in the field: Earth Science—The World We Live In, by 


Namowitz and Stone. 


D. Van Nostrand Company, Inc. 


120 Alexander Street Princeton, New Jersey 
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A NEW TEXTBOOK WITH A NEW PERSPECTIVE! 


Essential Mathematics 


By Francis G. Lankford, Jr., James F. Ulrich 
and John R. Clark 


offers a fresh approach to the study of general mathematics. Note 
these features: 


. Fundamental laws are developed in ways that stress flex- 
ibility of application. 


. Students are stimulated to use their ingenuity in solv- 
ing everyday arithmetic problems. 


. Important ideas of algebra, geometry, and trigonometry 
are presented inductively. 


. Mental arithmetic is stressed; students strengthen their 
power to reason quantitatively. 


. An abundance of material is provided for a wide range of 
abilities and interests. 


. Essential Mathematics offers every student a new oppor- 
tunity for successful mathematical experiences. 


W 0 R L D B 0 0 K C 0 M P A N Y Tarrytown-on-Hudson, New York 


Chicago, Boston, Atlanta, Dallas, Berkeley 
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NO OTHER Electrostatic Generator 
Provides ANY 
Of these Features 


@ Universal Motor Drive, 
for operation on 110-volt A.C., 
or 110-volt D.C. 


Electronic Safety Valve, to 
tect the motor against a random 
high-voltage surge. 


@ Removable Discharge Ball, which 
the demonstrator may use as a 
wand. 


@ Flat Top Discharge Terminal 
(with built-in jack) to receive 
various electrostatic accessories. 


@ Endless Charge-Carrying Belt, of 
pure latex, which may be driven 
at high speed without “bump- 
ing.” 

ALL of the foregoing features are 
standard equipment in CamboseO 
Genatron No. 61-705. 


In addition, CamboscO Genatron 
No. 61-708 incorporates a built- 
in speed control, to facilitate 
demonstrations requiring less 
than maximum voltage. 


~ 


The Output, of either model of 
the CamboscO Genatron, ranges 
from a guaranteed minimum of 
250,000 volts to a maximum, un- 
der ideal conditions, of 400,000 
volts. Yet, because the current is 
measured in microamperes, and 
the discharge duration is a matter 
of microseconds, no hazard what- 
ever is involved for operator or 
observer. 


CAMBOSCO GENATRON 61-705 


@ May we tell you more? 


CAMBOSCO SCIENTIFIC CO. 


37 ANTWERP ST. @ BRIGHTON STATION 
BOSTON, MASS., U.S.A. CAMBOSCO GENATRON 61-708 
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WHAT IS THE ASTRONOMICAL LOCATOR? 


It explains abstract astronomical concepts visually and it is a device for verifying our belief 
in the relative position of the earth and sun in space. 


The Locator explains problems like the above and many more. This instrument is a new 
kind of sundial transparent to show the time in north latitude whether the sun is north 
or south of the equator. 


By turning the large 12-inch disk with its OF TIME, SPACE, AND THE LOCA- 
apparent sun marker to any hour on the TOR, the booklet included in the price of 
small dial one can see readily what part of the Locator contains many original dia- 
the sky is currently overhead and which grams demonstrating difficult concepts. 
constellations along the ecliptic are in view 


at night. Detailed pictured assembly provided. 
PREMIER PLASTICS CORPORATION No. 697 
204 W. Washington St. 
Milwaukee 4, Wis. 
Please send the following: 
(0 Booklet, $ 1.00 Postpaid 

OF TIME, SPACE, AND THE LOCATOR 0c 
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Welch —Set. of 60 
PHYSICS CHARTS 
For High Schools and Junior Colleges 


Edited by 
N. HENRY BLACK 


IN COLOR 


Each Chart 
29 x 42 inches 


29 Charts on the 
Essentials of Physics 
(Includes 300 topics) 


31 Charts on the Applications 
in Industry and Everyday 
Life 


(Explains 700 topics) 


AUTHORITATIVE—COMPREHENSIVE 


LITHOGRAPHED ON DURABLE CHART STOCK AND TREATED WITH A 
PROTECTIVE-TRANSPARENT-NON-REFLECTING COATING 
WHICH IS WASHABLE 
No. 1575. PHYSICS CHARTS, Set of 60, Printed in Colors, and mounted on a 


double charthead on portable tripod or No. 1575B Wall-bracket mounting 
Per Set $60.00 


No. 1575B. PHYSICS CHARTS, Set of 60, same as above but mounted on a 
heavy, circular base Per Set $70.00 


Write for Complete Circular 
W. M. Welch Scientific Company 
DIVISION OF W. M, WELCH MANUFACTURING COMPANY 


Established 1880 
1515 Sedgwick St. Dept. S Chicago 10, Ill. U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Robert H. Goddard, Father of the Liquid Fuel Rocket 


Enoch J. Haga 
Stanislaus State College, Turlock, California 


Today there are probably few in America who would believe that it 
was an American who fathered the modern science of jet propulsion 
and rocketry; we are inclined to believe that the Germans began the 
race which we now run with the Soviet Union. But just forty-eight 
years ago an almost unknown American physics instructor at Prince- 
ton, fired with the great future he foresaw for the dreams that began 
to form in his brain, began a life of work that put the United States in 
the lead of nations engaged in rocketry. Had the full implications of 
this great man’s work been realized—had he been taken more 
seriously—the United States might have been better enabled to main- 
tain her first-place position. 

As it was, this unknown instructor formulated a general theory of 
rocket action. Some of the essential features invented and patented 
by this man were used by the Germans in their V-2 rockets which 
rained down on Britain toward the end of World War II. Yet, when 
he had seriously proposed supersonic rockets of the V-2 type between 
the years 1914-1940, he had been ignored. As early as 1918 he had 
demonstrated the prototype of the now famous “Bazooka”’’ rocket. 

But in 1908, the year he received his B.S. from Worcester Polytech- 
nic Institute, there was little to indicate that Robert H. Goddard 
(1882-1945) would emerge as America’s first twentieth century as- 
tronaut. By 1910 Goddard received his A.M. from Clark University, 
and by 1911 his Ph.D. from the same institution. At the same time he 
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did his graduate work at Clark, he was physics instructor at Wor- 
cester Polytechnic. His doctoral dissertation had to do with coherers 
for receiving wireless messages. Even before receiving his B.S. he de- 
veloped what is thought to be the first effective gyro-stabilizer for 
aircraft. He also worked with vacuum tubes and cathode ray beams. 
But in 1912 the imagination of this new Ph.D. began to take in the 
universe. 

During the year 1912-1913 he was research instructor at Princeton 
University. His calculations had shown him that rockets would be 
ideal for reaching extremely high altitudes. Gun firing of projectiles, 
he demonstrated, would not produce the results of efficient rockets 
with tapered nozzles and motors strong enough to withstand high 
pressures. Efficiently utilized, only a little fuel would be required to 
lift payloads to great heights by rocket. Returning to Clark Univer- 
sity in 1914 as physics instructor, Goddard began his experimenta- 
tion. Starting with ship rockets, he went on manufacturing and ex- 
perimenting with rockets of various kinds. In 1915 he became 
assistant professor at Clark. By 1916 he concluded that he could do 
no more with his own limited resources. 

Appealing to the Smithsonian Institution for support, his eagerness 
and sincerity won him the attention of Dr. Charles D. Walcott, at 
that time Secretary of the Smithsonian. Goddard was commended for 
his report and asked how much money he would need. He thought he 
would need $10,000, actually asked for $5,000, and ultimately re- 
ceived $11,000. With this meager investment by today’s standards, 
American space research was launched. During World War I, volun- 
teering his services, Goddard was granted government aid under 
Smithsonian control for the purpose of developing long range mili- 
tary rockets. Research begun at Worcester Polytechnic Institute was 
continued in the shops of the Mt. Wilson Observatory in Pasadena, 
California. The fruit of the research carried on by Goddard and C. N. 
Hickman in these shops was demonstrated on the day before the 
Armistice in 1918 at the Aberdeen Proving Ground, Maryland. Vari- 
ous types of single-charge rockets, weighing from 1} to 17 lbs., pro- 
pelled by double-base powder of 40% nitroglycerin and 60% nitro- 
cellulose, were fired from hand-held lightweight launchers. Plans for 
4” rockets suitable for firing from aircraft were also revealed. Today 
it is easy to reflect upon the importance of that November demonstra- 
tion some forty-two years ago, but next day, the war being over, 
rocket development ceased. 

In 1919 Goddard’s first published work in the field of rocket science 
was issued by the Smithsonian. Titled, A Method of Reaching Ex- 
treme Altitudes, it dealt with the potentialities of dry fuel or powder 
propelled rockets. In this same year Goddard was made full professor 
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at Clark. He was made Director of the Physical Laboratories at Clark 
in 1923. 

At first Goddard had used black and smokeless powders for his 
rockets, but in 1920, deciding that liquid fuels would be more promis- 
ing, he began using liquid hydrogen, oxygen, and hydrocarbons (gaso- 
line). The first liquid fuel rocket ever fired left the earth on March 16, 
1926; from this odd-looking instrument some ten feet high, all our 
liquid rockets of today—and the German V-2 of yesterday—are 
descended. 

Colonel Charles A. Lindbergh became interested in Goddard’s 
work in 1929, and he in turn was able to interest Daniel Guggenheim. 
Until his death Goddard was aided by Guggenheim or the Guggen- 
heim Foundation, receiving annual grants in 1930-1932 and from 
1934-1942. This help enabled Goddard to establish himself in a loca- 
tion favorable for experimentation, the Mescalero Ranch near Ros- 
well, New Mexico. Great strides were made in this desert area, and 
in 1936 he summarized his achievements in another report issued 
by the Smithsonian, Liguid-Propellant Rocket Development. This 
report concluded with the words: “The next step in the development 
of the liquid-propellant rocket is the reduction of weight to a mini- 
mum. Some progress along this line has already been made.”’ 

World War II now intervened in Goddard’s efforts. His old 
co-worker, C. N. Hickman, a Bell Telephone Laboratories engineer, 
was put in charge of the National Defense Research Committee in 
July of 1940. Hickman’s first laboratory was at Indian Head, Mary- 
land, and here Captain L. A. Skinner, U. S. Army Ordnance Depart- 
ment liaison officer with the National Defense Research Committee, 
spent much time; he had read reports of the 1918 Goddard and Hick- 
man demonstrations at Aberdeen and became so interested in 
rocketry that he experimented with them himself from 1933 to 1940. 
It was under Skinner and Hickman that Captain E. G. Uhl developed 
the famous ‘“Bazooka’’ at Indian Head. During the course of the 
war various institutions engaged in rocket research and development 
under contract with the National Defense Research Committee. 
Goddard himself again volunteered his services and did research in 
liquid rocket fuels for the Navy at Annapolis, Maryland. After the 
war Goddard planned to return to New Mexico where he hoped to 
establish some new and unheard of altitude records, but death cut 
short his brilliant career at the age of 62. 

Goddard carried on much of his imaginative and ingenious work 
in the face of public indifference and lack of finances. But in spite 
of these difficulties, which were added to the technical obstacles 
which he faced, he saw his task through; almost by himself he created 
modern rocket science. The Board of Directors of the American 
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Rocket Society said of him: ‘“The lifework of Dr. Goddard .. . will 
always remain a brilliant inspiration to all of those who are privi- 
leged to carry on his endeavors, and to every other bold explorer on 
the new frontiers of science. In time to come, his name will be set 
among the foremost of American technical pioneers.” 

Dr. Goddard himself once stated: “From my knowledge of the 
theoretical and experimental sides of the subject, I believe that a 
rocket from the earth will some day successfully reach one of the 
planets.”’ 
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THE CADI’S DECISION 


On a warm August day, two wandering Persian beggars decided to stop be- 
neath the branches of a tree and dine upon their combined gleanings. The 
taller one, Ali, drew out of his pouch three stale loaves and the smaller and more 
indolent, Zaid, took out two. 

As they were about to begin their modest meal, a hungry stranger passed and 
asked to be permitted to join them. The two mendicants hesitated for a moment 
but quickly agreed when the stranger offered to pay for his food. After complet- 
ing his repast, the stranger threw the beggar five gold coins and continued on 
his way. 

No sooner did the man leave when a fierce quarrel broke out between Ali and 
Zaid. Ali who had given three loaves of the common table demanded three gold 
coins. While Zaid claimed with equal vehemence that inasmuch as they had 
agreed to share their bread, he deserved 23 gold coins. 

As their argument grew hotter and they were about to resort to blows they 
were brought before the Cadi to decide the matter. The venerable judge listened 
carefully to the two opposing claims, stroked his beared thoughtfully and an- 
nounced his decision: neither of the litigants was right. Ali, who had given three 
loaves, was to be awarded four gold coins while Zaid who had given two loaves 
was to get one gold coin. The spectators were amazed at the Cadi’s decision, but 
when he explained further all agreed with the justice of his verdict. How did the 
Cadi explain his decision? 


ANSWER 


The Cadi reasoned that after the five loaves were divided each of the three 
particpants in the meal had 13 loaves to eat. As Ali had originally possessed 
three loaves, he had given up 14 loaves or four times as much as Zaid who had 
only given up a third of a loaf. Hence Ali was entitled to four coins and Zaid 


only one. 
M. H. Levine 
Maryland State College 
Princess Anne, Maryland 
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Polyhedra of Any Dimension 


Owen Bradford 
Student,* Amityville Memorial High School, Amityville, L. I., New York 


A polyhedron is defined, at least in our own three-dimensional 
world, as any solid bounded by planes. A four-dimensional polyhedron 
would, therefore, be any four dimensional figure bounded by solids; 
similar definitions applying to the polyhedra of any greater number of 
dimensions. This report will only deal with those figures which are 
regular or, at least, semi-regular. 

The first case to be discussed will be that of the equilateral triangle 
and its expansion. The triangle in zero dimensions is simply a single 
point, and in one dimension it is simply a line. These two are present 
in the expansion of any figure, but here the similarity ends. In the 
second dimension, the triangle appears, and in the third dimension, 
the figure is a triangular pyramid or tetrahedron. At this point, it is 
necessary to bring in another series of important facts. 

A line is formed by connecting a point with another point; a tri- 
angle, by connecting that line with another point properly placed; a 
pyramid, by connecting the triangle with still another point, again 
properly placed; and so forth. 

As is seen, when the new point is connected with each of the old 
vertices, the number of new edges in the figure is equal to the number 
of these other vertices. So the number of edges in the new figure is 
equal to the number of edges in the previous figure added to the 
number of vertices in that figure. An expansion of this same property 
is applicable to all parts of the figure: vertices, edges, faces, etc. 

This information may be summarized as follows, using V to repre- 
sent vertices; EZ, edges; F, faces; and S, solids: 


Parts: V E F 3 


Dimensions: 0 1 
1 2 1 
2 3 3 1 
3 4 6 4 1 


One notices that any number in this set is obtained by adding the 
number directly above it to the one immediately left of the latter 
number. This property even applies to the first column if a column of 
ones is assumed to be to the left of that column. 

So far, we have discussed only the realm of three dimensions. We 
now proceed to realms of greater dimensions. The four-dimensional 
expansion of the triangle is formed, in continuation of the above dis- 


* This is a paper written by Owen Bradford during his sophomore year for the Science Congress sponsored by 
the Suffolk County Section of the Science Teachers Association of New York. 
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cussion, by connecting a point to all vertices of a tetrahedron; a five 
dimensional expansion by joining a point to all vertices of the four 
dimensional object, and so forth. Perhaps it should be brought out 
here that no dimension higher than the third may really be obtained 
physically, but at least a representation of those dimensions may, in 
order to show general properties. All vertex angles in these figures 
must equl 60°, and obviously no more than three lines may be 
drawn at any given angle to each of the others. 

So the set takes on its final form: 


Unnamed figures in: 
Pata: i E F S 4D 5-D 


| 


Dimensions: 0 


This new set has all the properties of the old; therefore, the expan- 
sion is complete. 

A similar discussion applies. to the expansion of a square. As was 
previously stated, the point and the line are present in all expansions. 
The second dimension of this particular expansion is the square, 
while the third dimension is the cube, or hexahedron. Again, a new 
group of properties must be brought in. The line is formed by con- 
necting two points; a square by connecting corresponding vertices of 
two lines, appropriately placed; a cube, by connecting corresponding 
vertices of two squares, appropriately placed; and so on. 

As the particular figure of any dimension is obtained by taking two 
figures of the previous dimension, the number of edges in the new fig- 
ure is partially obtained by multiplying the number of edges in the 
original figure by two. Then, since corresponding vertices have been 
connected, there are as many additional edges as there were vertices 
in the original figure, as each vertex now has one and only one more 
edge radiating from it than it previously had. Again, an expansion of 
this property is applicable to all parts of the figure. 
This information may be summarized as follows: 


Petts: V 


0 
1 
2 
3 


Dimensions: 


Any number in this new set is obtained by doubling the number 
directly above and adding to that quantity the number to the left 
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of the upper one. Here, only a column of zeros must be assumed to the 
left of the first column to make it complete. 

By connecting corresponding vertices of two cubes, one obtains a 
four dimensional cube, and by connecting those of two of these new 
figures, five dimensions result. Again, when I say the fifth dimension 
results, I mean a representation of that dimension. 

Therefore, the set for the expansion of a square appears in its final 
form: 

Unnamed figures in: 
Parts: V E F S 4D 5-D 


Dimensions: 1 
2 1 
4 4 1 
| 8 12 6 1 
6 32 24 1 
2 


80 80 40 10 1 etc. 


Up to now, all the figures discussed could apparently be expanded 
to any dimension. However, to my knowledge, these are the only two 
regular figures which may. Following is a discussion of the reason 
that, for example, a pentagon may not be expanded. 

The set for a pentagon, through the second dimension, is: 


Parts: V E F 


Dimensions: 0 
1 
2 


By extending the formulas for any given member of the two previ- 
ous sets, one sees that a row of negative ones must be assumed to the 
left of the first column. Also, it is seen that he multiplies the number 
above any member by 3, adds to it the number to the left of that, and 
resulting is the desired number. In this way, the row for the third 
dimension would read: 


3 14 20 8 1 


However, the only regular three-dimensional polyhedron with 
eight faces is the octahedron, and this does not qualify for two rea- 
sons. First, the other figures of the row do not apply; and second, the 
faces are not pentagons anyway. Obviously, one cannot just ignore 
the third dimension. It is interesting to note, however, that this set of 
numbers (14, 20, 8, 1) does satisfy the famous formula of Euler; 
that is: 

V—E+F=2 


This formuia is applicable to any polyhedron, regular or otherwise. 
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Of course, one need not confine himself to regular figures. The ex- 
pansion of a rectangle or of a parallelogram has the same properties 
as a square has, so that expansion of these figures follows readily from 
that of a square. 

However, difficulty does arise in a discussion of completely irregular 
three dimensional polyhedrons, and for this reason, I have not even 
attempted, to discuss them in this report. 


RESISTANT BACTERIA RAISE HOSPITAL DEATHS 


The most important cause of severe infection and death in hospitals today are 
antibiotic-resistan* bacteria. These now top the previously more fatal pneumonia 
bacteria and strep-infection type bacteria that proved susceptible to antibiotic. 

In Boston City Hospital in 1935, antibiotic resistant Staphylococcus aureus, 
which causes boils, carbuncles and other inflammations, accounted for one of 
every five cases of infection and less than one of every five cases of death from 
bacteria-caused infections. In 1957, it accounted for two-fifths of both infections 
and deaths. 

The reliance on antibiotics may be responsible for increasing laxity in 
application of strict aseptic methods for avoiding infection and cross-infections 
in surgery, nurseries and general wards in which infections are being treated. 
This laxity is undoubtedly a major contributing factor, to the rise in staph 
incidence and fatality. 

No remedies for stemming the continuing rise in staph deaths has yet been 
demonstrated to produce any lasting salutary effect. 


ORBITING JET SEEN AS “ULTIMATE AIRPLANE” 


The ‘ultimate airplane” which will fly 17,000 miles an hour or 25 times the 
speed of sound, was described by Alexander Kartveli, a Russian-born aircraft 
engineer responsible for the development of 14 aircraft types. 

Mr. Kartveli, now vice president of research and development for Republic 
Aviation Corporation, stated that the craft would be the last major type before 
aircraft makers turn most of their attention from aviation to astronautics. 

It will be 170 feet long, 33 feet high and have a wingspan of nearly 99 feet. Its 
front will be a massive series of air ducts to draw huge quantities of air into four 
hydrogen-burning engines in combination with four ramjets. 

It will be capable of taking off from the ground with a substantial military 
load, accelerating to orbital speed, orbiting around the earth and landing on 
earth when desired. 

Mr. Kartveli said design consultants have already done basic exploratory work 
on the combustion scheme to power such a craft. 

He also presented designs for three generations of planes he believes will come 
before the “‘ultimate”’: 

1. A fighter-bomber, capable of vertical take-off, that could fly at 1,500 miles 
an hour. It could pinpoint bombs on a target from 75,000 feet. 

2. A nuclear-ramjet strategic bomber, to be produced between 1970 and 1975, 
that would fly at 2,800 miles an hour and cruise at 85,000 feet. Its two-man crew 
would be in a shielded compartment. This bomber would eliminate U. S. re- 
liance on allied bases. 

3. A 4,960-mile-an-hour bomber, shaped like a great triangle, capable of 
of flight at 120,000 feet. With two ramjet and two turbojet engines, it would have 
a range of 5,000 miles. 
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Using the Cathode-Ray Oscilloscope in the 
High School Trigonometry Classroom* 


Matthew H. Bruce, Jr. 
Apt 13-D Graduate Circle, University Park, Pa. 


A most advantageous combination of subjects available for an 
instructor in mathematics and science is found in that of physics 
and trigonometry, taught concurrently. In the conventional high 
school program, physics taught in the senior year and trigonometry 
taught the first semester of the senior year provide many advantages 
over other arrangements. For example, early in the sequence of high 
school physics the study of mechanics is a necessity. This cannot be 
done effectively, for college preparatory students at least, without 
having trigonometry available as a tool. Try some time to teach 
resolution of forces or simple harmonic motion without trigonometry. 

The advantages of the teaching of physics and trigonometry con- 
currently by the same instructor, as opposed to the frequently em- 
ployed system of physics in the junior year and trigonometry in the 
senior year are obvious. The two “subject” areas are irrevocably tied 
together, and it must be insured that the students do not fall into 
the ‘‘never the twain shall meet” attitude that so frequently isolates 
what goes on in one classroom from what goes on in another. Nat- 
urally, the arrangement described above cannot possibly be practical 
in every school situation, but the two areas can be firmly cemented 
together in the minds of the students. 

The use of trigonometric methods in the physics classroom is, or 
should be, thoroughly practiced, but the relationship between physics 
and trigonometry is a two-way street and the traffic in one direc- 
tion is often unfortunately light. One means of stimulating the flow 
in that direction is presented here. 

In teaching the graphic representation of trigonometric functions 
and the graphing of more complex trigonometric expressions by the 
method of adding ordinates, the cathode-ray oscilloscope can be a 
teaching aid of great value. Its use provides a most graphic demon- 
stration of trigonometric relationships representing natural phe- 
nomena, a concrete means of relating the study of trigonometry to 
its applications in the fields of electricity, electronics, and sound, 
which do not generally make their appearance in the high school 
trigonometry classroom. It can do much to lift trigonometry out of 
the ‘‘device for solving right triangles” rut. 

Several areas for discussion seem suitable: 


* This report was an entry in the 1960 STAR (Science Teacher Achievement Recognition) awards program 
conducted by the National Science Teachers Association and sponsored by the National Cancer Institute, U. S. 
Public Health Service. 
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(1) Demonstrating the periodicity of trigonometric relations as 
they occur in nature; 

(2) Illustrating the ideas of amplitude, period, and phase in the 
graphic representation of trigonometric functions; 

(3) Demonstrating the combination of trigonometric expressions 
by the method of adding ordinates, and applications of this con- 
cept such as the square and sawtooth wave forms, harmonics, 
beats, and heterodyning. 


Other areas present possibilities, of course, and while this discussion 
will be limited to the three areas mentioned above, it is hoped that 
others will occur to the reader. 

One word of caution (probably unnecessary): this type of demon- 
stration has a high entertainment value, which should not be allowed 
to dilute the purpose of the work. High school age youngsters, even 
in this day of household electronics, are fascinated by apparatus of 
the type used, and some will sit happily watching, if allowed to do so, 
without a trigonometric thought entering their heads. 


THE CATHODE Ray OSCILLOSCOPE 


While the actual operation of the oscilloscope will not be dis- 
cussed here except as directly concerned with the concepts under 
examination, some basic ideas of the oscilloscope’s operation from 
a trigonometric point of view must be presented. 

In its simplest employment, the oscilloscope is an electronic device 
for the visual, graphic display of periodic functions. An ordinate, 
representing the instantaneous voltage of a periodically repeating 
external signal, is plotted against an abscissa, or internal sweep sig- 
nal, representing time. The source of the external signal may vary 
considerably in different usages, but as used here will consist of sinus- 
oidal or compounds of sinusoidal wave forms provided by alternat- 
ing current electricity or sound. 

The internal sweep voltage, generated within the oscilloscope, 
builds up from a negative value, through zero, to a positive value, 
and by deflecting a stream of electrons shot at the face (or screen) of 
the tube from inside, causes the stream to trace a moving fluorescent 
spot from left to right across the screen, in a measurable length of 
time. The trace returns to its starting point virtually instantaneously, 
drawn by a near-instantaneous change in the sweep voltage from posi- 
tive to negative. This process is repeated over and over. Persistence 
of the image on the screen causes the moving point to appear as a 
horizontal line across the screen, giving a continuous horizontal time 
axis analogous to the x-axis in the ordinary graphic representation 
of trigonometric functions. 
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The external signal deflects the stream of electrons in a vertical 
direction, causing the spot to trace a graph of the function repre- 
senting the external signal on the screen. By adjusting the time 
needed for the horizontal trace to cross the screen, a single period or 
as many periods of the external signal as desired may be displayed. 
The amplitude of the graph of the function may be varied also, as 
may the spread of the trace across the screen. 

For the person unschooled in the theory and use of the oscilloscope, 
many adequate references are available. Several of these are included 
in the bibliography. 


PERIODIC FUNCTIONS 


Of the concepts mentioned previously, periodicity is perhaps the 
simplest to demonstrate and relate to the graphs of angle functions 
as commonly presented in high school trigonometry. It is assumed 
here that the simpler graphs of trigonometric functions, such as y 
=sine x, etc., and the ideas of period and amplitude have been al- 
ready introduced. 

Adjust the internal sweep frequency to sixty cycles per second. 
A low voltage sixty cycle per second alternating current across the 
vertical input, as shown in Figure 1a, will then produce a single period 
of a sinusoidal wave form. (Some oscilloscopes have a built-in sixty 
cycle test tap providing about six volts alternating current.) Minor 
adjustments of the sweep frequency fine control and the introduc- 
tion of a small amount of internal synchronization signal will be nec- 
essary to “stop” the picture. Care should be taken to use as small an 
amount as possible of synchronization signal, since in many ’scopes 
the use of larger amounts of synchronization signal tends to distort 
the wave form. Actually, the wave form of alternating current is not 
a true sine wave form, but it is sinusoidal and thus serves the pur- 
pose here. 

A similar effect may be obtained by using the microphone and 
amplifier, as shown in Figure 1b, and a tuning fork, to provide the 
trace of the wave form. 

Since the horizontal trace moves across the tube face with a period 
that is made to exactly match that of the sixty cycle external signal, 
the display is that of a single period of a sine curve which coincides 
with the trace of the period that went before, and with that of the 
period that went before that, etc. The resulting steady picture indi- 
cates the exactness of the periodic nature of the alternating current. 

The one-sixtieth-of-a-second period of the alternating current is 
analogous to one revolution of a radius vector, or two m radians, and 
the wave form of the trace corresponds to the curve generated by the 
successive ordinates of the radius vector through one revolution 
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R, indicates load resistor. 


Ss AUDIO LOW-IMPEDANCE VERTICAL 
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starting at zero degrees in standard position. Thus, the trace illus- 
trates the graph of y=a sine x, where a represents the amplitude, pro- 
portional to the voltage applied across the vertical input. 


AMPLITUDE, PERIOD AND PHASE 


Using the apparatus set up as illustrated in Figure 1b, the ideas of 
amplitude and period can be demonstrated. The microphone, ampli- 
fier and oscilloscope, and speaker as shown will give both visual and 
audible presentation. If only the visual display is desired, the speaker 
and even the amplifier may be omitted, depending on the type of 
microphone and ’scope used. The external amplifier is usually de- 
sirable since it gives somewhat more flexibility of control. 

With the sweep frequency set at about 256 cycles per second, strike 
a C’ (256 cps) tuning fork lightly and hold it in front of the micro- 
phone. Adjust the frequency and synchronization controls to obtain 
a steady picture of a single period, and set the gain of the amplifier 
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to give a vertical height of about one-third the height of the tube 
face. (It may be necessary to strike the fork again to make the ad- 
justments and display the resulting wave form.) Without altering the 
control settings, strike the tuning fork harder than before and note 
the increased vertical height of the trace, indicating increased ampli- 
tude of vibration of the source. Point out the analogy to the graphs 
of y=sine x and y=2 sine x. (See Figure 2, a and b.) 
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e. y = cosine x f. y = sine (x + 5 
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Again without altering the frequency or gain settings, strike a C” 
(512 cps) tuning fork and hold it in front of the microphone. Note the 
number of periods appearing over the same time length of the hori- 
zontal trace, compared to that of the C’ fork. Using a fork of double 
the original frequency produces a period of half the original period. 
This corresponds to the graphs of y=sine x and y=sine 2x. (See Fig- 
ure 2, c and d.) In this manner, frequency and period are shown to 
be reciprocal to each other. 

Some practice is necessary in using the tuning forks, since har- 
monics may be produced if the forks are struck too sharply. A little 
experimentation with the gain controls of the amplifier and the ’scope 
should produce the desired results. Rehearsal is an absolute necessity 
in order that approximate settings may be known in advance. 

If a grid-ruled transparent mask is used over the face of the oscillo- 
scope, actual measurements can be made. 

If the oscilloscope has a phase adjustment, the effects of phase lag 
and lead can be illustrated. Using the C’ tuning fork, obtain a steady 
trace and then shift the vertical signal out of phase with the hori- 
zontal sweep, producing an approximate picture of the graph of the 
equation y= cosine x. Point out that the sine and cosine graphs follow 
the same curve but are one-fourth period out of phase. Thus, cosine 
x=sine (x+c), where c represents one-fourth the period in whatever 
units are chosen for x. If the period of y=sine x is 2 pi radians, then 
the phase constant necessary to equate sine (x+c) to cosine « becomes 
} pi radians. (See Figure 2, e and f.) 

Combining the effects of amplitude, period and phase into a single 
equation, we get: y=a sine b(x+c), where a is the amplitude con- 
stant, b is the period constant and c is the phase constant. The 
students should be encouraged to experiment with some sample 
sketch graphs, assigning different values to a, b and c. 


COMBINING TRIGONOMETRIC EXPRESSIONS 


Using the method of adding ordinates to compound the curves of 
the expressions y=sine x and y=sine 2x, illustrate graphically the 
wave form of the tone produced by a C’ (256 cps) tuning fork and a 
C” (512 cps) tuning fork sounded simultaneously. After predicting 
the result graphically, actually perform the experiment with the ap- 
paratus as shown in Figure 1b, and compare the wave form displayed 
on the oscilloscope with that predicted. If the internal sweep fre- 
quency is matched to that of the C” fork, two periods will be dis- 
played. Some variation will occur because of differences in amplitude 
of vibration of the two sources, but practice in the timing of striking 
of the two forks should enable the demonstrator to obtain a very rea- 
sonable wave form match. 
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The use of resonance boxes, found in nearly any high school physics 
laboratory, may aid in obtaining sufficient amplitude for a good vis- 
ual display even without the use of an external amplifier. 

A further demonstration of this idea, using a small open-end organ 
pipe of the type usually found in the physics laboratory, will tie the 
idea in closely with the physical phenomena ordinarily studied in 
a typical high school physics course. Such a pipe, when blown sharply, 
will sound both its fundamental (first harmonic) and its second har- 
monic at the same time. Since the second harmonic has twice the 
frequency of the fundamental, sounding one octave higher, the situa- 
tion is comparable to that of the C’ and C” tuning forks sounded 
simultaneously. Take care not to aim the open end of the pipe di- 
rectly at the microphone. While it is not the purpose here to enter 
into a discussion of the physics of why the pipe produces tue second 
harmonic as well as the fundamental, the trigonometry of the situa- 
tion lends itself well to the discussion of combining wave forms. 
The result of the first and second harmonics sounding together is the 
y=sine x+sine 2x situation, with the wave form on the ’scope match- 
ing quite closely the wave form predicted graphically. 

Extending the concept of combining wave forms a bit further, 
it can be pointed out that under certain circumstances two maxima 
or two minima of approximately the same amplitude will occur at the 
same time, resulting in an amplitude peak which stands out from the 
surrounding portions of the compound curve. In physics these peaks 
are called re-enforcements. Similarly, if a maximum and a minimum 
occur at the same time, partial or even complete cancellation may be 
produced. 

In sound, these peaks, or re-enforcements, represent points of in- 
creased amplitude known as beats. If the two frequencies sounding 
simultaneously are close together, the beats become audibly distin- 
guishable. This can be easily demonstrated with matched resonance 
boxes and tuning forks, one of which has one prong “loaded” with a 
short piece of rubber tubing, altering its mass and thereby reducing 
its frequency to slightly below that of the other fork. 

From a trigonometric standpoint, the method of adding ordinates 
will show how the peaks occur. (This is a tedious process and the 
graph should be prepared in advance in order to save class time.) The 
use of the microphone and ’scope setup presents a graphic display of 
the momentary increase in amplitude as the beats occur, adding au- 
thority to the prepared graph. Using a sweep frequency about double 
that of the forks employed, the ’scope will show the fluctuating am- 
plitude, although the trace cannot be stopped as in former cases. 

An interesting side discussion may be found in the trigonometric 
proof that the number of beats per second is equal to the difference 
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of the two beating frequencies in cycles per second. This proof is not 
at all beyond the better high school trigonometry student. Discus- 
sions of the proof may be found in many college physics texts.' 
Further applications are found in the beat frequency oscillator and 
the heterodyne principle employed in many radio receiving and trans- 
mitting sets. A suitable reference text is listed in the bibliography. 
The compounding of curves of periodic functions produces other 
interesting and useful wave forms. Since any periodic function can 
be expressed as the sum of a number of sine or cosine functions, the 
component wave forms of which a complex function is composed can 
be computed using the Fourier series method if its equation is known, 
or found by the use of an instrument known as a “harmonic an- 
alyzer”’ if its graph is available. An example of such a series, which 
produces the “‘square”’ wave form used frequently in electronics, is: 


y=A sine x+1/3A sine 3x+1/5A sine 54+ ---. 


See figure 3, a and b. A second such series is that which produces the 
familiar ‘“‘sawtooth”’ wave form: 


y=A sine x+1/2A sine 2x+1/3A sine 3x+ ---. 


See Figure 3, c and d. It is this sawtooth wave form which is employed 
to provide the voltage changes, described previously, in the internal 


sweep signal of the oscilloscope. 

If a suitable generator is available, these two wave forms are easily 
shown on the ’scope. Such generators are available commercially in 
kit form at reasonable cost. 


EQUIPMENT 


A wide range of suitable equipment is available for this type of 
demonstration. The equipment used in this demonstration includes a 
variable impedance microphone (Shure model 51), a twenty watt 
audio amplifier (Heath model A9-C), a five-inch general purpose os- 
cilloscope (EICO model 425), and a small speaker and enclosure, in 
addition to the tuning forks, resonance boxes and organ pipe pre- 
viously mentioned. 

The equipment need not be expensive, since many adequate kits 
for construction of the electronic components are available at reason- 
able cost, if the school does not already possess such items as an oscil- 
loscope. The equipment pictured (excluding the tuning forks, reso- 
nance boxes and organ pipe) involved a total cost of approximately 
$125.00, spread over a period of two years. A larger ’scope, such at 
one of the seven-inch models now on the market, would be a distinct 
advantage from the standpoint of classroom visibility, but the five- 


! For example see: Sears, Ff. W., Principles of Physics, Vol. | (Mechanics, Heat and Sound), Addison-Wesley, 
1947, pp. 500-502. 
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a. Idealized square be. Sum of first three 
wave form terms of Fourier series 
y = sine x # 1/3 sine 3x + 1/5 sine 5x 


ce Idealized sawtooth ad. Sum of first three 
wave form terms of Fourier series 
y = sine x + 1/2 sine 2x # 1/3 sine 3x 
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inch model pictured has been used successfully with groups as large 
as twenty students. An interesting development for classroom work 
might be the conversion of a television set for use as an oscilloscope, 
along the lines indicated in the magazine reference cited in the bibli- 
ography. 

In an early presentation of this series of demonstrations, the 
school’s sixteen millimeter motion picture projector was employed 
as an audio amplifier in conjunction with the oscilloscope. Many 
such projectors have a microphone input. Since they are intended for 
speech amplification they are limited as to the amount of gain they 
can provide without clipping the peaks. 

The addition of a sine and square wave generator might be con- 
sidered as a worthwhile extension. A simple sawtooth wave generator 
can be constructed following the pattern indicated in the reference 
listed in the bibliography. 


TIME AND SEQUENCE 


Naturally the individual instructor will have his own ideas about 
where the graphic representation of trigonometric expressions fits 
into the sequence of the trigonometry course. The importance of 
graphing technique makes the slight extra time required for present- 
ing demonstrations of this sort well spent. Two average class pe- 
riods should cover the demonstration time, inserted into the coverage 
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Sum of fundamental and second harmonic. 
(Sum indicated in dotted line) 
y =Asine x + sine 2x 


Fic. 4 


of graphs of functions as individual opinion dictates. The approxi- 
mate order in which the demonstrations are presented here should 
probably be maintained, however. 

The writer feels that the time required for setting up equipment 
and rehearsal has been more than paid for in the reaction of classes 
to which the demonstrations have been presented. It may well be 
that, under the pressure of a tight time schedule, several periods de- 
voted to work of this type would be worth the sacrifice of some tinie 
usually dedicated to prolonged practice in the solution of the sacred 
right triangle! 
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Seventh Graders’ Ability to Solve Problems 


Vincent E. Alexander 
Culver City Unified School District, Culver City, California 


Are there characteristic differences between high and low achiev- 
ers in seventh grade problem solving? Do they differ significantly 
in various types of reading skills? What quantitative skills are neces- 
sary for successful achievement in problem solving? Are any specific 
mental abilities closely associated with problem solving? Does socio- 
economic status influence the seventh grader’s success in problem 
solving? 

A study was made recently to seek answers to such questions. 
Pairs of high and low achievers in seventh grade problem solving 
matched according to sex, IQ, and mental age in months were com- 
pared with respect to certain factors and abilities. The measure of 
problem solving ability was the pupil’s score on a standardized test. 
The results of the study revealed several significant facts which may 
be useful to the teacher in planning instruction to help seventh 
graders improve their ability to solve verbal problems. The details 
of the study are not given here. However, some of the general con- 
clusions are presented with comments about their educational impli- 
cations. 


Characteristic Differences Between High and 
Low Achievers in Problem Solving 


The areas in which significant differences were found in favor of 
high achievers are summarized in the upper part of the outline 
below. In the second section of the outline are the areas in which 
there were no significant differences. The areas in the third section 
show differences which were in favor of the low achievers in problem 
solving. All of the differences listed as significant proved to be 
statistically significant at or above the 5% level of confidence. 


Differences Between High and Low Achievers 
In Problem Solving 


A. Significant differences in favor of high achievers 
1. Specific mental abilities 

a. General reasoning ability 
b. Ability to understand verbal concepts 

. Quantitative skills 
a. Understanding mathematical terms and concepts 
b. Skill in computation 

. General reading skills 
a. Comprehension of reading materials 
b. Understanding words in context 

. Problem solving reading skills 
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a. Comprehension of statements in problems. 
b. Selection of relevant details in problems 
c. Selection of correct procedures to solve problems 
. Interpretation of quantitative materials 
a. Finding data from graphs, tables, charts, and maps 
b. Perception of relationships involving comparison of data 
c. Recognition of limitations of given data 
B. No significant differences 
1. Specific mental abilities 
a. Ability to use words easily 
b. Ability to visualize objects in two or three dimensions 
2. Socio-economic status 
3. Quantitative skills 
a. Timed addition of whole numbers 
C. Significant differences in favor of low achievers 
i. Interpretation of data errors 
a. Tendency to require more information than necessary to judge data 
b. Going beyond the data given 
c. Inaccuracy due to carelessness, reading difficulties, or inability to see 
relationships 


Conclusions 


Several general conclusions derived from the foregoing differences 
seem to be justified. They are stated as follows. 

Mental ability. Two specific mental abilities are essential to the 
seventh grader’s ability to solve arithmetic problems. His ability to 
solve logical problems through reasoning and his ability to under- 
stand words or verbal concepts are strongly associated with his 
ability to solve arithmetic problems. In contrast to the second abil- 
ity, the ease with which the seventh grader uses words has little 
bearing on his success in problem solving. 

Socio-economic status. Socio-economic status proved to have little 
influence on the seventh grader’s ability to solve arithmetic prob- 
lems. It is conceivable, however, that a different conclusion might 
have been reached if a more refined measure had been employed to 
determine socio-economic status. 

Quantitative skills. The problem of solving ability of seventh graders 
seems to depend in large measure upon their ability to (1) interpret 
and use the number system, (2) employ the fundamental processes 
with various types of numbers, and (3) comprehend and use concepts 
of measurement. Accuracy in rapid addition of whole numbers 
alone, however, is insufficient to insure success in problem solving. 
This conclusion is in sharp contrast to the second item stated above. 

Reading skills. High achievers in seventh grade problem solving are 
superior in their ability to read and comprehend written materials 
which pupils are usually called upon to read in school. They are 
able to (1) understand the theme of a reading selection, (2) under- 
stand the main idea of a paragraph, (3) infer logical ideas which are 
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implied, (4) grasp small details in written materials, and (5) under- 
stand the meaning of words in context. High achievers are superior 
also in reading skills which tend to be special to the analysis of 
verbal arithmetic problems. 

Interpretation of quantitative materials. High achievers in seventh 
grade problem solving are superior to low achievers in their ability 
to visualize and interpret quantitative facts and relationships. They 
are less overcautious in judging data, go beyond the data less often 
when there is insufficient data to justify a decision, and make fewer 
errors due to carelessness, reading difficulties, or inability to identify 
relationships in given data. 


Guides to Planning Instruction 
in Problem Solving 


A number of factors in this study proved to be closely related to 
the problem solving ability of seventh graders. In light of these 
factors, several educational implications seem to be justified. The 
following implications are recommended as guides which may help 
the teacher plan a sound instructional program in problem solving. 

A differentiated program. The fact that there are important differ- 
ences between high and low achievers in problem solving shows that 
a differentiated program is needed in arithmetic problem solving. 
Differences in areas such as mental ability, reading ability, and 
quantitative skills indicate that instruction in problem solving should 
be adapted to the needs and abilities of the pupils. There should be 
some problems with which all seventh graders can be successful. 
There should be some problems which challenge more capable pupils. 
Diagnosis of difficulties and activities to improve problem solving 
skills, instructional materials, learning experiences, and goals to be 
achieved should be selected and organized to meet individual varia- 
tions in problem solving ability. 

Selection of printed materials. Since reading ability is related to 
problem solving, written materials should be selected carefully. The 
vocabulary and language structure of selected materials should be 
appropriate to the reading level of pupils who are to use them. 

Improvement of general reading ability. Seventh graders may be 
helped through reading instruction to improve their ability to solve 
verbal problems. Attention should be given to developing a basic vo- 
cabulary and fundamental reading skills similar to those required in 
other subjects if weaknesses exist in the pupil’s general reading 
ability. 

Development of reading skills related to problem solving. Specific 
reading skills fundamental to reading and solving arithmetic prob- 
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lems need to be systematically developed. Ample opportunities 
should be provided for the seventh grader to develop the ability to 
comprehend the meaning of items and statements contained in ver- 


4 bal problems. They also need to develop the ability to recognize ver- 
. bal clues required in the solution of problems, such as how much 
= more, total cost, equal monthly payments, etc. Practice in reading 
skills related to the selection of the correct process needed to solve 
a the problem should be provided for the seventh grader. An under- 
standing of basic and enriched meanings of mathematical terms and 
concepts may be developed through vocabulary activities similar to 
: those used in other subject areas. 

b Development of mathematical concepts. Instructional practices in 
: problem solving should promote the systematic development of the 


ability to understand mathematical concepts and relationships. 
Seventh graders should have many opportunities to discover rela- 
tionships between quantities and processes. They need to solve many 
meaningful problems in which mathematical concepts and relation- 
ships are involved. Seventh graders need to be able to read and inter- 
pret numbers and to understand the decimal nature of the number 
system. They also need to develop such abilities as (1) understand- 
ing the meaning of fractional parts, (2) skill in using various measur- 
ing devices, and (3) understanding concepts of size, shape, form, lin- 
ear measure, time, speed, weight, capacity, temperature, etc. 

Skill in fundamental operations. To be successful in problem solv- 
ing, seventh graders need the ability to employ the fundamental 
processes with understanding. They need to develop fluency in the 
use of the four basic operations with whole numbers, fractions, deci- 
mals, per cent, denominate numbers, formulas, and simple equations. 
Accuracy in the use of the four processes with various types of num- 
bers should be developed before speed in computation is emphasized 
or expected. 

Inter pretation of quantitative materials. Development of the ability 
to interpret quantitative materials should be an integral part of in- 
struction in problem solving. Seventh graders need many oppor- 
tunities to visualize and interpret facts and relationships in charts, 
tables, graphs, and maps. They need to be able to make comparisons 
with data, to recognize limitations of given data, and to discriminate 
between relevant and irrelevant detail. 


The amount of radiation needed to make a complete survey of the mouth by 
X-ray is below the detectable damage level. 

The Journal of the American Dental Association said, “The routine use of 
modern X-ray equipment and techniques for dental diagnostic purposes is not 
harmful.” 
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Why Ninth Grade General Science? 


Victor C. Smith 


Formerly, Science Teacher, Ramsey Junior High School, 
Minneapolis, Minnesota 


There is a constant sniping at the ninth grade general science pro- 
gram by critics who are not aware of its real importance in the total 
educational program. Various critics suggest that the final year of 
general science be placed in the eighth grade and general biology be 
moved down to the ninth grade. Others suggest that general science 
be changed to an activities program stressing scientific method in- 
stead of content, or that part of the course be assigned to health 
courses, or that it be made elective or required only for slow learners. 
Some objectors even advocate unifying science and mathematics or 
social studies. 

There are several sound reasons for having a full year of ninth grade 
general science required for all pupils. 

General science is the terminal physics course for far more than 
half of all high school pupils, and is terminal for all drop-outs. The 
same applies, to a less important degree, to chemistry. Surely no citi- 
zen should face the atomic and space age with only the amount of 
physics and chemistry learned by the end of the eighth grade! 

Moreover, some modern physics courses, such as the one developed 
under direction of the National Science Foundation, largely dispense 
with descriptive physical science in favor of development of theory. 
Even superior pupils who enter these courses need knowledge of 
fundamentals of how the world works before they try to figure out 
why it works. General science provides the know-how of common 
things. 

A good ninth grade general science course summarizes, organizes, 
and completes the nine-year program of largely descriptive science. 
This is possible because of the increased ability of ninth grade pupils 
to generalize. That is, as expressed by one pupil, “I didn’t learn so 
much that is new this year, but I think that now I understand what I 
thought I knew.”’ It is unlikely that the critical age for much real 
understanding of major science principles is below fourteen years. 

The range of general science units through several basic sciences is 
of great value in meeting individual needs and in stimulating interest 
in some field of science. Pupils who are completely bored by one unit 
often are stimulated to intense activity by another from a different 
field. Thus, during the school year, pupils may become interested in 
such special outside activities as studying tumors in rats, building a 
ham radio receiver, collecting minerals, computing Mendel’s law as a 
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special science-mathematics project, making a turbine from tin cans, 
building an electrostatic generator, and working on a personal dieting 
program for figure control. These, of course, are not typical class 
activities, but are developments of special interests aroused in class 
and club work. The exploratory value of general science exists now as 
it did when the course originated. 

The changing pattern of general science units meets young- 
adolescent needs for change and variety. The attention span of a four- 
teen year old pupil is much less than an adult’s. Thus pupils who 
become tired of studying electricity can be remotivated later in the 
school year by changing the unit name and approach to “electronics.” 

General science is not a direct repetition of elementary science. 
Repetition should be planned, and not encountered at random. Tak- 
ing the magnetism experiment as the one most overworked in ele- 
mentary science, a completely fresh approach is needed in ninth 
grade. Use of an alternating current magnetizing device which blows a 
fuse provides an entirely new observational opportunity. Yet in 
testing magnetized pieces of steel, the pupil reviews all previously 
learned information about magnets. The difference is is that the 
pupil, while reviewing magnetism, is also learning about induction. 
Induction is rarely taught directly in any elementary science class. 

The trouble caused by repetition in general science is its routine 
misuse. It is doubtful that there is enough effective repetition of fac- 
tual information, as is indicated by studies showing that facts are too 
quickly forgotten. Repetition of facts is properly used in two ways. 
They may be applied to help in understanding new and interesting 
situations. They can be used to develop and solve problems. The 
most frequent cause of failure of activity learning programs is the lack 
of factual information by the pupil, who is unable to understand, 
state, and organize an attack upon a simple problem. Activity with- 
out problem solving is mostly mere busy work. 

It must be recognized, of course, that general science does not exist 
alone in the so-called 12-year science program. Better coordination of 
science courses at all grade levels certainly is needed. Some of the 
fault is that too much is attempted in elementary sciences. In the 
lower grades much more emphasis should be placed upon both experi- 
encing and experimental activities. Too often high school science is 
pushed to lower and lower grade levels, diluted, and made more and 
more meaningless as it is moved downward. For example, it is doubt- 
ful that any real rocket science, except a simple statement of the law 
of reaction, can be taught effectively below the high school level. Yet 
almost every grade school pupil is frequently exposed to a sort of 
quack rocket science, both in school and out. 

In coordinating elementary science with upper grades, children 
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should learn and experience as children, and not as immature adults. 

General science in a properly organized program, of all science 
courses, best meets the needs of individual ninth grade pupils. Over 
some 50 years by trial and error, controlled research, and intelligent 
observation a ninth grade science course has evolved. Subject to con- 
stant re-evaluation and revision, this course is suited to meet the 
needs of average and superior ninth grade pupils. The course is fairly 
widely accepted by curriculum makers and writers of textbooks. 

This ninth grade course is not well fitted to the needs of slow learn- 
ing ninth grade pupils nor to average seventh and eighth grade pupils. 
The mental maturity of an average 13-year old is about 93 per cent of 
that of an average 14-year old. The mental maturity of the average 
12-year old seventh grader is only about 85 per cent of that of the 
typical ninth grader. 

It is generally accepted that mental maturity scores of less than 95 
indicate need for special kinds of science and mathematics on the 
ninth grade level. This special kind of science is not the typical ninth 
grade course, for it must be reduced in difficulty by eliminating much 
abstract content and by reducing emphasis on reasoning. 

A nearly ideal plan of class organization is to divide groups of 100 to 
120 typical pupils into two average classes, one slow-learning class, 
and one somewhat accelerated class. (It is very important not to 
place the bright, emotional deviate in the slow-learning class.) Such 
grouping is rarely attempted, and where it is, teachers usually lack 
time, content material, and equipment to produce much difference in 
the way various level classes are taught. Teachers should plan with 
counselors and administrators to arrange proper ability grouping and 
to provide time and materials to make it operate well. 

There is now, where conditions and personnel permit, much good 
science teaching on the ninth grade level. Some of the conditions typi- 
cal of such good teaching and learning are listed briefly: 

1. One or two basic textbooks, or a learning guide with textbook 
references, provide basic coverage of fundamental facts. 

2. Many visual aids are used, particularly motion pictures closely 
coordinated with other class activity. Models and diagram-type 
charts are available. 

3. Simple experimental equipment, microscopes, and an equipped 
area for growing plants are available for use by some pupils. Work 
areas are out of hearing and line-of sight of pupils doing routine work. 
Pupils who have reason to solve problems by use of equipment are 
given time to do so. 

4. The teacher has conveniently at hand a variety of demonstra- 
tion equipment which is used to stress understanding of basic princi- 
ples. 
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5. Notebooks or workbooks are used to record essential facts and 
observations as concisely and briefly as possible. Stress on spelling, 
vocabulary, and accuracy of statements is constant. ‘Pencil pushing 
busy work,” made-work drawings, and lengthy summarizing are not 
used. 

6. Mathematics is used in such appropriate areas as study of heat, 
mechanics, and electricity, and to some extent in such areas as ele- 
mentary chemistry and heredity. This activity is reserved for above- 
average pupils. 

7. The science class program is coordinated with a club program, 
in-school or extra-curricular, which gives added direction to out-of- 
school activities. 

8. Finally, the entire science-program stresses learning principles of 
science by observation, by systematic reading, by organizing random 
information, by application, and by memorization of basic principles. 

Before school curriculum making groups plan to abolish ninth 
grade general science, they should first examine causes for discontent 
with the present course. They will probably find nothing wrong with 
the basic philosophy of the course. Instead, possible dissatisfaction 
may arise from poor course organization, poor teaching methods, 
inadequate facilities, overloading and overcrowding of classes, lack of 
teacher preparation time, unwise selection of texts and learning helps, 
too great a range of pupil ability in every class, or—unhappily in 
some schools—most or all of these deficiencies. Substituting a course 
with a new name or moving a high school science course into ninth 
grade will not solve problems of a failure to meet pupil needs ade- 
quately. 


FARM CHEMICALS PROVE HAZARD IN CALIFORNIA 


Farm chemicals have harmed hundreds of persons in California, state health 
officials reported. 

As the use of insecticides, chemical fertilizers and soil additives has increased, 
so has the number of reports of occupational disease attributed to these agents. 

There were 749 reports of disease attributed to the chemicals in 1957. Nearly 
a third of these were attributed to organic phosphate pesticides. 

These are among the most hazardous materials used as pesticides. Organic 
phosphate chemicals may enter the body directly through the skin, as well as 
by inhalation and swallowing. 

Since many persons find the concept of poisoning through the skin hard to 
understand, workers often fail to wear protective clothing when applying such 
chemicals and to wash themselves thoroughly afterward. 

Other pesticides contain nicotine, fluorides and arsenic compounds, any of 
which can be hazardous. California is estimated to use one-fifth of the total 
quantity of pesticides in the U. S. One death attributed to agricultural poisoning 
was recorded in 1957. 
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An Annotated Bibliography for Teachers of Mathematically 
Gifted High School Students 


Margaret F. Willerding 
San Diego State College, California 


The following bibliography is intended to help the teacher of the 
mathematically gifted student to find out what should be taught and 
how the gifted student can be challenged. It deals with two phases of 
teaching the mathematically able student by including articles, 
pamphlets and books expressing 1) ideas on how to teach the gifted 
student, and 2) what materials should be taught. 

The bibliography is divided into two parts. Part One contains 
source material which can be helpful to the teacher in preparing to 
teach the more able classes in mathematics. Part Two contains a list 
of books which should be challenging to the capable reader. 


I. MATERIAL HELPFUL TO THE TEACHER 


Adkins, Jackson B., ‘College Prep Mathematics in Grades Nine through Twelve, 
“The Mathematics Teacher, 50: 209-13, March 1957. 

A college prep course is described by showing how the use of four major 
mathematical ideas unifies the program of grades nine through twelve. 
Ahendt, M. H., “Education of the Mathematically Gifted,”’ Phi Delta Kappan, 

34: 285-87, April 1953. 

Discusses ability of gifted students, desirability for their early identifica- 
tion, qualification of teachers of gifted students and administrative policies 
which may help the gifted program. 

——, ‘Mathematics and Science,” National Education Association Journal, 
46: 109-110, February 1957. 

Gives results of study of 1953 and 1956 winners in the Annual National 
Honor Society Program. Shows top students do not avoid hard subjects 
and that they enjoy work in mathematics and science, since 58% of total 
group of 620 indicated they planned to spend their lives in scientific or 
technical work. 

Albers, Mary Elizabeth, and May V. Seagoe, “‘Enrichment for Superior Students 
in Algebra Class,”’ Journal of Educational Research, 40: 487-95, March, 1947. 

An attempt was made to test the desirability of providing an enrichment 
unit for superior students in second semester ninth grade algebra classes. 
Conclusions point to a saving of time, as well as an interest sufficiently great 
to provide the necessary motivation. 

Baumgartner, Reuben A., Mathematics Curriculum for the Gifted,’”” ScHOOL 
SCIENCE AND MATHEMATICS, 53: 207-12, March, 1953. 

Here are listed several suggested courses and topics which are or may be 
taught to the mathematically gifted. 

—_——., ‘The Status of the Secondary Mathematics Program for the Talented,” 
The Mathematics Teacher, 49: 535-40, November, 1956. 

There is an increasing interest in revising the mathematics program to 
take care more adequately of the talented high school pupil. 

Begle, E. G., ““The School Mathematics Study Group,” National Association of 
Secondary School Principals Bulletin, 43: 26-31, May, 1959. 

The program of the School Mathematics Study Group is studied and 
their projects are listed in brief. 

Brinkmann, H. W., “Mathematics in the Secondary Schools for the Exceptional 
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Student, “The American Mathematical Monthly, 54: 319-23, May, 1954. 

Main ideas behind the mentioned plan are to break down the standard 

compartmentalized program, to introduce new subject matter, and at the 
same time suggest the elimination of certain traditional items. 

Brown, Kenneth E., ““Mathematics a Key to Manpower,” School Life, 36: 26-27, 
November 1953. 

Gives statistics on number and percentage of pupils in mathematics in 
the last four years of high school from 1890 to 1953. Points out way to 
increase supply of scientists and mathematicians. 

Brown, Kenneth E., and Philip G. Johnson, Education for the Talented in Math- 
ematics and Science, Bulletin, U. S. Department of Health and Education 
and Welfare. Office of Education, 1952, 34 pp. 

What has been done and what can I do to help the gifted student in my 
own teaching position? 

Brueckner, Leo J., F. E. Grossnickle, and John Reckzeh, Developing Mathema- 
tical Understandings in the Upper Grades. Philadelphia: J. C. Winston 
Company, 1957. pages 502-548. 

The specific chapter deals with the need and objectives for enrichment 
and it also includes topics to be discussed in the classroom. 

Brumfiel, Charles, ‘‘The Foundations of Algebra” The Mathematics Teacher, 
50: 488-92, November, 1957. 

This article discusses topics which should be introduced and used in an 
accelerated Algebra course. 

Brydegaard, Marguerite, “Creative Teaching Points the Way to Help the 
Brighter Child in Mathematics,” The Arithmetic Teacher, 1: 21-24, Feb- 
ruary, 1954. 

Recognizing and challenging pupils to do creative thinking is a method 
of teaching used by good teachers the world over. 

Burr, Irving W., “‘What Principles and Applications of Statistics Should be 
Taught in High School and Junior College?” The Mathematics Teacher, 44: 
10-12, January 1951. 

Suggestions are made for developing certain concepts of statistics. 

Butler, Charles H., and F. Lynwood Wren, The Teaching of Secondary Mathemat- 
ics. New York: McGraw-Hill Book Company, Inc., 195i. Pages 339-74 
and 508-41. 

These chapters deal with further topics to be considered in Algebra and 
the possibility of teaching Calculus. 

Carlson, Edith Fox, “Project for Gifted Children: A Psychological Evaluation,” 
American Journal of Orthopsychiatry, 15: 648-61, October 1945. 

Gives results of case studies of 25 gifted children, following 16 of them 
for four years through the seventh grade. Shows results of placing children 
in special classes and giving them a less constraining environment in the 
classroom. Points up importance on continually challenging the gifted 
student. 

Carnahan, Walter H., Editor, Mathematics Clubs in High Schools, National 
Council of Teachers of Mathematies, 1958. 

What can Mathematics clubs do to increase the knowledge of able 
Mathematics students? 

Cherry, W. J., “Methods of Selecting Freshmen for Accelerated Work in Math- 
ematics,” ScHooL SCIENCE AND MATHEMATICS, 58: 467-71, June, 1958. 

A report on the results found in grouping the mathematically gifted in 
one class. 

Clark, N., ‘‘Challenge to the Gifted,’”’ Mathematics Teacher, 48: 434-5, October 
1955. 

Gives another viewpoint on the “honors program”’ at Kirkland, Washing- 
ton (See Clark, N., and D. Lander). Indicates courses offered are non- 
traditional. 


, and D. Lander, “Honors Program,” Mathematics Teacher, 48: 371, 
May 1955. 
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Reports on “honors program” at high school in Kirkland, Washington. 
Program extends from twelfth grade down through tenth grade. Included 
are such topics as number theory, number systems, the algebraic theory of 
sets, geometrical constructions, projective, axiomatic, and non-Euclidean 
geometries. Gives textbooks used. 

College Entrance Examination Board, Commission on Mathematics. Appendices. 
New York, 1959. 223 pp. 

A fine resume of the content of courses recommended to be taught in 
high school mathematics classes. 

College Entrance Examination Board, Commission on Mathematics. Program 
for College Preparatory Mathematics. New York. 1959. 62 pp. 

This report gives a brief outline of courses to be taught in high school 
mathematics. It describes vital role of the teacher. 

Conant, James B., The Identification and Education of the Academically Talented 
Student in the American Secondary School. National Education Association, 
February 1958, pages 97-103. 

The curriculum and education of the academically talented in Mathe- 
matics is discussed. 

Cornog, William H., ‘‘The High School Can Educate the Exceptionally Able 
Student,” National Association of Secondary-School Principals, 39: 380-86, 
April 1955. 

Discusses study of admission of exceptional student into college with 
advanced standing based on passing of certain tests. 

Cunningham, Harry A., “Some Challenging Problems in Teaching High School 
Science to Gifted Children,” Schoot ScrENCE AND MATHEMATICS, 52: 373- 
380, May 1952. 

Makes many recommendations applicable to both mathematics and 
science. Has short bibliography relative to science mainly. 

Cutts, Norman E., and Nicholas Moseley, Teaching the Bright and Gifted. New 
Jersey: Prentice-Hall, Inc., 1957. 260 pp. 

This book has been designed to give practical help to classroom teachers 
in elementary and secondary schools. It should help to identify and under- 
stand the gifted student. 

Denbow, Carl H., ““To Teach Modern Algebra,” The Mathematics Teacher, 52: 
162-170, March, 1959. 

This article states that we don’t need to choose between modern and 
traditional mathematics. The author shows that they blend together quite 
naturally. 

Douglass, Earl R., “Issues in Elementary and Secondary School Mathematics,” 
Mathematics Teacher, 46: 290-94, May 1954. 

Discusses important issues such as grouping, grade level of algebra and 
geometry, and homework. Has several ideas helpful to teacher of gifted 
students. 

Edwards, P. D., P. S. Jones, and Bruce E. Meserve, ‘‘Mathematical Preparation 
for College,” Mathematics Teacher, 45: 321-330, May 1952. 

Lists important major fields in college and the preparation necessary for 
each field to be obtained in high school mathematics courses. Gives good 
information to student planning college work and procedure for proper 
preparation. 

Elder, Florence L., “‘Providing for the Student with High Mathematical Po- 
tential,” The Mathematics Teacher, 50: 502-6, November, 1957. 

An article on identifying the mathematically gifted student, and also 
some topics that should be taught are discussed. What are the reactions of 
the parents of these gifted students? 

Eves, Howard, and Carroll V. Newsom, An Introduction to the Foundations and 
Fundamental Concepts of Mathematics. New York: Rinehart and Company, 
1958. 347 pp. 

This is a good reference book to prepare a teacher to understand some 
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of the modern mathematical concepts. This book includes an excellent 

section on set theory. 

Fehr, Howard F., “General Ways to Identify Students with Scientific and 
Mathematical Potential,” The Mathematics Teacher, 46: 230-34, April 1953. 

The task of identifying giftedness is not an easy one and there are some 
approaches and traits which are studied in this article. 

———,, ‘‘Mathematics for the Gifted,”’ National Association of Secondary School 
Principals Bulletin, 38: 103-10, May, 1954. 

A discussion of the motivation, identification, and curriculum provisions 
for the mathematically gifted. 

, Secondary Mathematics, A Functional Approach for Teachers. Boston: 
D. C. Heath and Company, 1951. 405 pp. 

This book discusses many topics which would be ideal for the gifted 
student to learn about. This would be a good supplementary text for any 
senior high school teacher. 

Fehr, Howard F., “The Goal is Mathematics for all,’’ ScHooL ScIENCE AND 
MATHEMATICS, 56: 109-20, February, 1956. 

This discussion gives indication of a reorientation in Mathematics educa- 
tion. Changes are appearing in both teaching procedures and subject matter 
content that promise a richer and more enduring learning experience. 

Freese, F., “Gifted Students in Senior High School Mathematics,” National 
Association of Secondary-School Principals Bulletin, 43: 71-4, May 1959. 

Cites two ways of working with gifted students: in homogeneous groups 
and individually in regular non-segregated groups. States need for recogni- 
tion of superior students. Gives several criteria for admission to special 
classes and some activities possible. 

Freitag, Herta T. and Arthur H., ‘‘Using the History of Mathematics in Teach- 
ing on the Secondary School Level,’”’ The Mathematics Teacher, 50: 220-24, 
March, 1957. 

The historical approach to the teaching of mathematics requires that 
mathematics be presented as an ever-envolving human endeavor. 

Gager, William A., “The Functional Approach to Elementary and Secondary 
Mathematics,”’ The Mathematics Teacher, 50: 30-34, January, 1957. 

The big objective in the functional type of teaching in mathematics is to 
make contact with the personal experiences of the pupils in such a way that 
they will see some value in what is to be done and learn something that is 
worthwhile. 

Gordon, Garford G., Providing for Outstanding Science and Mathematics Stu- 
dents, California: University of Southern California Press, 1955. 100 pp. 

This book deals with the problems and methods of dealing with the gifted 
student. It gives suggestions of several types, depending upon the size of 
the school. 

Hankins, Donald D., Jr., “A Tentative Guide for a Twelfth Grade Honors 
Course,’ San Diego City Schools, 1955. 

This pamphlet deals with material to be taught to twelfth grade students 
in a Mathematics honors course. 

———., ‘Realignment of High School Mathematics Programs,” San Diego City 
Schools, 1956. 

This pamphlet contains outlines of Advanced Algebra and Geometry for 
students interested in liberal arts and Geometry for students interested in 
Mathematics and Science. 

Hartung, Maurice L., “High School Algebra for Bright Students, “The Mathe- 
matics Teacher, 46: 316-321, May, 1953. 

A description of the sort of algebra course that should be offered to 
students, both college bound and not college bound. 

Hetland, Melvin, and Harold Glenn, “A Program for the Mathematically 
Gifted,” California Journal of Secondary Education, 32: 334-37, October 

1957. 
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Reports on experimental program in the Long Beach Public Schools, 
offering Algebra I and Plane Geometry in half the usual time. Covers selec- 
tion, teaching, evaluation and elimination procedures. Closes with prere- 
quisites for success of such a program. 

Irwin, Lee, ““The Organization of Instruction in Arithmetic and Basic Mathe- 
matics, in Selected Secondary Schools,” Mathematics Teacher, 46: 235-40, 
April 1953. 

Gives report on study to discover practices useful in teaching non- 
traditional mathematics and to make recommendations for reorganization 
of high school mathematics program. Twelve recommendations are made. 

Jackson, H. O., “Superior Pupil in Mathematics,’ Mathematics Teacher, 52: 
389-417, May 1959. 

Johnson, Donovan A., ‘“‘Let’s do Something for the Gifted in Mathematics,” 
The Mathematics Teacher, 46: 322-25, May, 1953. 

This article points out the need for helping the gifted. The author also 
gives suggestions as to what might be done in your high school along the 
same line. 

Kelly, Inez, “Challenging the Gifted Student,” School Life, 35: 27-28, November, 
1952, 

This article describes what one Mathematics teacher does to challenge 
the more able students in the field of mathematics. An interesting Mathe- 
matics club is explained. 

Kennedy, Joe, ““Modern Mathematics in the Twelfth Grade, “The Mathematics 
Teacher, 52: 97-100, February, 1959. 

A description of an experimental twelfth-grade mathematics course taught 
by the author in a Wisconsin school. 

Kieffer, M., “Meeting the Needs of Cincinnati’s Gifted Pupils in Mathematics,” 
National Association of Secondary-School Principals Bulletin, 43: 89-92, 
May 1959. 

Traces method for advanced placement in high schools in Cincinnati. 
Gives evaluation of program as conducted with outline of courses of study. 

Kinney, L. B., and C. R. Purdy, Teaching Mathematics in the Secondary School. 
New York: Rinehart and Company, Inc., 1952, pages 136-187. 

The chapter deals with various topics which should be covered in an ad- 
vanced mathematics course. A bibliography at the end of the chapter has 
helpful information. 

Kraft, Ona, “Providing a Challenging Program in Science and Mathematics for 
Pupils of Superior Mental Ability,’”’ Scooot ScrENCE AND MATHEMATICS, 
52: 143-47, February, 1952. 

An attempt is made to call the readers attention to some of the methods 
and materials that are especially appropriate for teaching the able. 

Laframboise, Marc A., “The Training of Mathematics Teachers,’’ SCHOOL 
SCIENCE AND MATHEMATICS, 55: 389-92, May, 1955. 

Academic qualifications for Mathematics teachers are discussed. 

—, “College Mathematics Teacher,” ScHooLt ScIENCE AND MATHEMATICS, 
58: 108-110, February 1958. 

Is follow-up to previous article. Outlines quite well his recommended 
program for a student getting a master’s degree in mathematics with intent 
to teach. Usable to show gifted student extent of preparation necessary for 
college teaching. 

Langer, R. E., “Time is Running Out,” Mathematics Teacher, 49: 418-24, 
October 1956. 

Points up increasing importance of mathematics and shows need for turn- 
ing out students prepared better mathematically from high school. Compares 
U.S. curriculum with that of U.S.S.R. 

Levy, N., “Toward Discovery and Creativity,” Mathematics Teacher, 50: 19-22, 
January 1957. 

Relates instances where students using individual methods have “dis- 
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covered’”’ mathematical relationships and how, when properly guided, gifted 
students experience a feeling of adventure in mathematics and thus are 
strongly motivated. 

Latino, Joseph J., “An Algebra Program for the Bright Ninth Grader,” The 
Mathematics Teacher, 49: 179-84, March, 1956. 

Here are listed some suggestions as to what should be done about the 
bright student in the mathematics class. 

Lloyd. Daniel, B., “Ultra-Curricular Stimulation for the Superior Student,” 
The Mathematics Teacher, 46: 487-89, November, 1953. 

The author makes practical suggestions for meeting the needs of superior 
pupils in mathematics. 

MacDuffee C. C., ‘What Mathematics Shall we Teach in the Fourth Year of 
High School?” The Mathematics Teacher 45: 1-5, January 1952. 

It is recommended that we include introductory parts of Analytical Ge- 
ometry and Calculus in high-school courses. 

McCoy. M. Eleanor, ‘“‘A Secondary School Mathematics Program,” National 
Association of Secondary School Principals Bulletin, 43: 12-18. May 1959. 

The article discusses the University of Illinois experimental mathematics 
program. It includes the general topics that are covered. 

MacLane, Saunders, ““The Impact of Modern Mathematics,” National Associ- 
ation of Secondary-School Principals Bulletin, 38: 66-70, May 1954. 

Shows need for changing of curriculum to include aspects of ‘modern 
mathematics.” Gives examples where inclusions may be made in algebra, 
geometry and trigonometry. 

McWilliams, Earl M., ‘‘The Gifted Child in the High School,” National Associ- 
ation of Secondary-School Principals Bulletin, 39: 1-9, May 1955. 

Meder, Albert E., Jr., “Modern Mathematics and its Place in the Secondary 
School,’’ The Mathematics Teacher, 50: 418-23, October 1957. 

How should modern mathematics be introduced in the present mathe- 
matics program? Can it help clear the more capable students’ mind of some 
questions? 

————, “Proposals of the Commission on Mathematics of the College Entrance 
Examination Board,” National Association of Secondary School Principals 
Bulletin, 43: 19-26, May 1959. 

A short review of the Commission on Mathematics of the College Entrance 
Examination Board and the work they are trying to accomplish. 

Merriel, D. M., “College Mathematics in the High School,’ Mathematics 
Teacher, 51: 556-7, November 1958. 

Author gives own opinion as to desirability of introducing analytic 
geometry and calculus in the high school. Cites several alternatives to such 
inclusions, such as using the Illinois study and giving a course in the theory 
of equations. 

Meserve, Bruce E., “Topology for Secondary Schools,’ The Mathematics 
Teacher, 46: 465-74, November 1953. 

Illustrates some of the properties of topology and suggests their use in 
interesting the superior pupils in mathematics and in emphasizing the im- 
portance of this fundamental mathematical concept. 

Moore, Lillian, ‘“‘The Challenge of the Bright Pupil,” The Mathematics Teacher, 
34: 155-57, April 1941. 

A brief discussion of the general lack of provision for the bright pupil, 
especially in mathematics, with suggestions for enriching the work for his 
benefit. 

National Education Association, Research Division, ‘“High School Methods with 
Superior Students,” Research Bulletin, 19: 191-193, September 1941. 

Is part of exhaustive study on superior students. Gives examples of sup- 
plementary teaching materials, varied assignments and teaching methods, 
and enrichment activities in special mathematics classes. Also reports a 
continuing teacher plan and student assistantships. Old but informative. 
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Northrop, E. P., “Modern Mathematics and the Secondary School Curriculum,” 
The Mathematics Teacher, 48: 386-93, October 1955. 

This article underlines the current dissatisfaction with the high school 
curriculum and offers a few pointers for the next steps to be taken. 

Norton, Monte S., “Enrichment as a Provision for the Gifted in Mathematics,” 
ScHOOL SCIENCE AND MATHEMATICS, 57: 339-45, May 1957. 

The true enrichment process does not include merely the addition of extra 
work for the pupil concerned, but aims to enrich the pupils’ entire learning 
process. 

, “What are Some of the Important Factors to Consider in a Program of 
Identifying the Gifted Pupil in Science and Mathematics,” ScHooL SCIENCE 
AND MATHEMATICS, 57: 103-8, February 1957. 

This article is an accumulation of the latest thinking of authorities in the 
field in regard to important considerations schools should make in adminis- 
tering an identification program in science and mathematics. 

Passow, A. H., and D. J. Brooks, Jr., “Mathematics and the Gifted Student; 
Some Problem Areas,” National Association of Secondary-School Principals 
Bulletin, 43: 65-7, May 1959. 

Discusses identification of gifted student, amount and nature of mathe- 
matics to be taught, special provisions for students, and traits of teachers of 
gifted students. 

Payne, Joseph N., “Self-Instructive Enrichment Topics for Bright Pupils in 
High School Algebra,” The Mathematics Teacher, 51: 113-17, February, 
1958. 

This study shows that bright pupils can do considerably more than they 
are presently required to do. 

Peckman, Eugene F., “Providing a Challenging Program in Mathematics and 
Science for Pupils of Superior Mental Ability,” Scoot ScIENCE AND 
MATHEMATICS, 52: 187-92, March 1952. 

High Schools should—for selected pupils—set such an achievement as 
entering college on advanced standing as a definite goal and take every 
means to prepare these students for it. 

Penk, G. L., “St. Paul Vitalizes Science and Mathematics for the Gifted,” 
American School Board Journal, 138: 19-21, March 1959. 

Shows what one school has done to meet needs for a mathematical and 
scientific curriculum geared to the space age. Outlines mathematics as well 
as scientific program. 

Price, G. Baley, “A Mathematics Program for the Able,” The Mathematics 
Teacher, 44: 369-76, October, 1951. 

A good program includes the gifted student, education to the limit of their 
abilities, counseling, and stimulation of interest by means of excellent 
teachers. 

Reeve, W. D., “Problem of Varying Abilities Among Students in Mathematics,” 
Mathematics Teacher, 49: 70-8, February 1956. 

Gives answer as how to provide for varying abilities, how to provide a 
variety of courses for pupils of varying abilities and what activities can be 
used in conjunction with classroom work, Contains many references to cur- 
rent activities. 

Reeve, W. D., “General Mathematics in the Secondary School,” Mathematics 
Teacher, 47: 167-79, March 1954. 

Actually outlines general mathematics plan for secondary schools through 
the junior college. Discusses in addition informal geometry and the insertion 
of geometry topics into ninth-grade work. Speaks of need for unification of 
algebra and trigonometry in the ninth grade also. Calls for inclusion of 
calculus in the twelfth grade. Author in favor of more meaningful mathe- 
matics for average student, but approach is equally applicable to the gifted 
student. 

Richardson, M., Fundamentals of Mathematics. New York: The Macmillan Com- 
pany, 1958. 507 pp. 
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An excellent book to be used as a text or supplementary text for a twelfth 
grade class of gifted students. 

Roudebush, E., “Seattle Project for Talented Students,” National Association of 
Secondary-School Principals Bulletin, 43: 78-81, May 1959. 

Outlines program started in 1958. Defines selection of gifted students and 
their teachers. Discusses flexibility of program. 

Strang, Ruth, chairman, “The Gifted Child,” Journal of Teacher Education, 53: 
210-32, September 1954. 

Presents symposium on gifted child of which “Teachers for the Gifted,” 
pp. 221-224, is of particular interest. 

Scott, Laura D., Dona Small and Wm. W. Matson, ‘‘Mathematics Classes for 
Exceptionally Endowed Students in the High Schools of Portland, Oregon,” 
July, 1956. 100 pp. 

This publication describes the school program for the talented in Mathe- 
matics in Portland, Oregon and some of the pitfalls which were encountered. 

Stephens, Harold W., “A Mathematics Club for Future Mathematicians,” 
ScHOOL SCIENCE AND MATHEMATICS, 54: 715-18, December, 1954. 

This article is a report of the activities of a Mathematics club for future 
mathematicians and research scientists. 

Stochl, James E., ““Modern Mathematics in a Summer High School Course,”’ 
The Mathematics Teacher, 52: 40-41, January, 1959. 

One way of introducing high school students to modern mathematics is 
to offer a summer school course. 

“The Mathematics Program at the Philips Exeter Academy,” The American 
Mathematical Monthly, 58: 705-7, November, 1958. 

A brief description of the type of course being offered at Phillips Exeter 
Academy. The editor states that this curriculum could be used in most col- 
lege preparatory mathematics groups. 

Vance, E. P., Editor, Program Provisions for the Mathematically Gifted Student in 
the Secondary School. National Council of Teachers of Mathematics, 1957. 

This report has been directed to the task of calling the attention of 
secondary mathematics teachers to the fact that an increasing amount of 
attention is being devoted to the education of those students who are gifted 
in mathematics. 

Wells, David W., ‘Modified Curriculum for Capable Students,” Mathematics 
Teacher, 51: 181-83, March 1958. 

Presents results of first-year algebra in eighth grade. Students then move 
on to take second-year algebra in the ninth grade. Outlines mathematics 
program through twelfth grade for these students. Indicates use of student 
aides to assist teacher in individual study. 

Wiesenthal, I. Theodore, “Science and the Intellectually Gifted Pupil,” High 
Points, 41: 61-63, November 1959. 

Described the two processes essential to effective science teaching: analy- 
sis and synthesis. Gives method for stimulating creativity in science. Some 
presentation useful in mathematics. 

Wilson, Jack D., “Trends in High School Mathematics,” ScHOOL SCIENCE AND 
MATHEMATICS, 55: 462-68, June, 1955. 

A report on identification of trends in mathematics. The need of the non- 
traditional mathematics is made more vivid. 

Wirszup, I., “Some Remarks on Enrichment,”’ Mathematics Teacher, 49: 519-27, 
November 1958. 

Takes up aspects of enrichment to broaden and enliven a student’s experience 
in high school mathematics. Cites enrichment practices in east Europe and 
compares them with those of the United States. Ends with practical sug- 
gestions for enrichment in our high schools. Points out enrichment should be 
for both the student and teacher. 

Wolfle, Dael, “Future Supply of Science and Mathematics Students,” Mathe- 
matics Teacher, 46: 227-29, May 1953. 
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Tells of need for developing science and mathematics students to meet de- 
mands of industry and research. Indicates need of analysis of school and 
college populations to determine quality and quantity of replacements 
available. Also points up task of identifying high school students with 
mathematics and science potential. Suggests various scholarships to enable 
potential scientist to go to college when ordinarily he couldn’t afford to. 


Il. MATERIAL HELPFUL TO THE STUDENT 


Bakst, Aaron, Mathematics, Its Magic and Mastery. New Jersey: D. Van Nos- 
trand Company, Inc., 1952. 704 pp. 

This book presents many interesting every-day problems to the reader. 
The author tries to show that mathematics is no more difficult than our 
everyday thinking. It is an application of common sense to situations that 
confront us. 

Bell, Eric T., Men of Mathematics. New York: Simon and Shuster, 1937. 579 pp. 

A collection of biographies of the great men of mathematics. Vivid ac- 
counts that bring the lives of these men into the view of the senior high 
school reader are given in detail. 

Berkeley, Edmund Callis, and Lawrence Wainwright, Computers, Their Operation 
and Applications. New York: Reinhold Publishing Corporation, 1956, 331 
pp. 

Newest developments in both the techniques and equipment of automatic 
computing are described. Here we find practical information on how these 
machines work and what they can do. 

Clair, H. S., “The Laws of Algebra and Modern Algebras,’’ ScHooL -ScIENCE 
AND MATHEMATICS, 53: 29-33, January 1953. 

The article describes several types of number systems in which one or 
more of the commonly accepted laws of operations do not hold. 

Courant, Richard, and Herbert Robbins, What is Mathematics? New York: 
Oxford University Press, 1941. 486 pp. 

This book gives a formal presentation of much of the modern concepts of 
mathematics. It deals with material that ought to be in the high school cur- 
riculum, especially for the mathematically talented. 

Cundy, H. M., and A. P. Rollett, Mathematical Models. London: Oxford Uni- 
versity Press, 1952. 234 pp. 

This book is designed for the student of mathematics who has a desire to 
show that mathematics can be fun and still be useful and meaningful. This 
book can be used by the student who is also gifted in the field of construc- 
tion. 

Friend, J. Newton, Numbers, Fun and Facts. New York: Charles Scribuer’s 
Sons, 1954. 191 pp 

This book shows how interesting, indeed fascinating, is the study of num- 
bers, their origin, and peculiarities. 

Gamow, George, One Two Three . . . Infinity. New York: The Viking Press, 1957. 
335 pp. 

This book is written as an attempt to collect the most interesting facts and 
theoreis of modern science in such a way as to present a general picture of 
the universe in its microscopic and macroscopic manifestations. 

Heinke, Clarence H., “‘Variation—a Process of Discovery in Geometry,” The 
Mathematics Teacher, 50: 146-54, February 1957. 

Variation as a process whereby interesting geometric theorems are sug- 
gested is explored and its advantages noted. 

Kline, Morris, Mathematics in Western Culture. New York: Oxford University 
Press, 1953. 472 pp. 

This book answers questions pertaining to contributions which mathe- 
matics has made to western life and thought aside from techniques that 
serve the engineer. 
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Logsdon, Mayme I., A Mathematician Explains. Chicago: University of Chicago 
Press, 1935. 181 pp. 

This book is written for those who have reached adult years with a dis- 
taste in mathematics. However, there are good chapters, for example, the 
chapter on logically building the real number system. These chapters could 
be used for the student’s benefit. 

May, Kenneth O., Elementary Analysis. New York: John Wiley and Sons, 1952. 


This book could be used as a supplementary text for the gifted child, 
especially in a twelfth grade mathematics course. It is essentially directed to 
those who are going to take more advanced courses in mathematics. 

Meyer, Jerome S., Fun With Mathematics. New York: The World Publishing 
Company, 1952. 176 pp. 

This book is a recreational mathematics book containing mathematical 
gems that will delight and astound all those who are fascinated by the 
magic of numbers. 

Ogilvy, C. Stanley, Through the Mathescope. New York: Oxford University 
Press, 1956. 

A popular discussion of selected topics concerning number theory, algebra, 
geometry, and analysis. 

Rademacher, Hans, and Otto Toeplitz, The Enjoyment of Mathematics. New 
Jersey: Princeton University Press, 1957. 197 pp. 

This book introduces the reader to some of the fundamental ideas of 

mathematics; the ideas that make mathematics exciting and interesting. 
Ransom, William R., One Hundred Curious Mathematical Problems. J. Weston 
Walch, 1955. 

A group of problems which are difficult but which a curious mathemati- 
cally inclined student would enjoy to work is the basis for fascinating 
reading. 

Rees, Mina, ““Modern Mathematics and the Gifted Student,” The Mathematics 
Teacher, 46: 401-6, October, 1953. 

This article is concerned with the world that confronts the gifted student 
of mathematics upon graduation. A brief resume of the current activity in 
mathematics that might challenge the interest of gifted high school students 
is discussed. 

Rein, Constance, From Zero to Infinity. New York: Thomas Y. Crowell Com- 
pany, 1955. 145 pp. 

This book undoubtedly would motivate many to more serious thinking 
in number theory. It serves well to get others interested in the fascinating 
theory of numbers. 

Williams, J. D., The Compleat Strategyst. New York: McGraw-Hill Book Com- 
pany, Inc., 1954. 217 pp. 

A recreational mathematics book which deals with the theory of games of 
strategy. Compare this with games of chance. 


MANTLE OF EARTH LIKE STEEL, PLASTIC MATERIAL 


Geophysical studies indicate that the mantle of the earth is as rigid as steel 
during short periods of time, but is more like a plastic material over a multi- 
millon year span. 

Earthquake waves, which may last a few minutes, have shown that the 
earth, like a steel ball, can be deformed by strong forces, but springs back to its 
original shape after the forces are removed. 

On the other hand, geological processes indicate that over millions of years the 


earth can be permanently deformed, like a plastic, as when mountains rise where 
seas once existed. 
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Chemistry in the Secondary Schools of America 
A Historical Treatment* 


Gerald Osborn 
Western Michigan University, Kalamazoo, Michigan 


Through a study of the history of education in the United States, 
we learn that secondary school science in the United States was first 
fostered by the academies and that the first academy was founded 
in Philadelphia in 1751. During the last quarter of the 18th century, 
academies were offering courses in astronomy, natural philosophy, 
botany, and agriculture. Early in the 19th century, these same acad- 
emies began offering chemistry. By 1825, a total of twelve academies 
were offering a rather bookish course in chemistry. Demonstrations 
were performed by the teacher, but the student got no opportunity to 
do individual work in a laboratory. One can probably assume that 
modern educators would not approve of the methods used in those 
early chemistry courses. We are further told that most of the sci- 
entific apparatus, chemicals, and textbooks were imported from 
England. 

The first high school established in the United States was the Boys’ 
High School of Boston which was opened in 1821. Just five years 
later a Girls’ High School was also organized in Boston. These 
first high schools offered chemistry as an elective subject, and the 
course was patterned after that of the academy—a book subject 
with little or no laboratory work beyond the lecture demonstrations 
given by the teacher. Facts, principles, laws, and theories were 
learned by rote. All of this was complicated by the fact that certain 
forces opposed the teaching of chemistry in high school. For example, 
religious people called chemistry the “black-art”’ and considered it 
to be “the work of the devil.”” Another factor in opposition was the 
economic one, namely, the high cost of equipment and chemicals. 

By 1850, high school chemistry was considered to be a worthwhile 
practical subject. The Michigan State Normal College (now known 
as Eastern Michigan University) was the first teacher’s training 
school west of the Alleghany Mountains; it was founded at this time 
and the law** which provided for the creation of this college specified 

* Eprror’s Note: In recent years, the journal has published two excellent articles on the history of biology 
and general science. Our Chemistry Departmental Editor is an authority on the history of Chemical Educa- 
tion. Hence, at the request of the Editor, he has prepared this article as a follow-up to our earlier ones. 

1 Rosen, Sidney, “The Origins of High School General Biology.” Scoot Scrence AND Matuematics, LIX 
(June 1959) 473-89. 

2 Webb, Hanor A., “How General Science Began.” Scnoot Scrence anpD Matuematics, LIX (June 1959), 
“ Michigan Act 139 P, A. 1850, Section 2 

“That a State Normal Schoo! be established and confined at Ypsilanti in the County of Washtenaw upon the 
site selected by said board of education, the exclusive purposes of which shall be the instruction of persons, both 
male and female, in the art of teaching and in all the various branches that pertain to a good common school 


education. Also to give instruction in the mechanic arts of husbandry and agricultural chemistry; in the funda- 
mental laws of the United States, and in what regards the rights and duties of citizens.” 
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that instruction was to be given in agricultural chemistry along with 
other practical subjects listed. 

The idea of laboratory instruction, as we have seen, was imported 
from Germany. It was during the second quarter of the 19th century 
that a famous German chemist, Justus Liebig, in his laboratory at 
Giessen began to teach his students by the assignment of laboratory 
space and individual experiments. The practice gradually attracted 
attention and caused the subject of chemistry with individual labora- 
tory work to become a part of the offerings of German secondary 
instruction. Furthermore, science was introduced into the elementary 
education by the spread of Pestalozzianism in Prussia and the other 
German States. Before the middle of the 19th century, elementary 
science was a part of the ‘‘Volkschulen.”’ 

In order to understand the status of chemistry instruction in the 
colleges of the United States around the middle of the 19th century, 
F. H. Getman in his “Life of Ira Remsen”’ tells the following story 
which was at one time reported by Dr. Remsen. “In those days,”’ 
said Remsen, ‘‘the medical student was assigned to a preceptor, and 
my preceptor was the professor of chemistry. Under his guidance, I 
had learned much chemistry by reading out of a book. ...On one 
occasion while reading from a textbook of chemistry, I came upon 
the statement ‘nitric acid acts upon copper.’ I was getting tired of 
reading such absurd stuff, and I was determined to see what this 
meant. Copper was more or less familiar to me, for copper cents were 
then in use. I had seen a bottle marked ‘nitric acid’ on a table in the 
doctor’s office where I was then doing time. I did not know its pe- 
culiarities, but I was getting on and likely to learn. The spirit of ad- 
venture was upon me. Having nitric acid and copper, I had only to 
learn what the words ‘act upon’ meant. Then the statement, ‘nitric 
acid acts upon copper’ would be something more than mere words. 
In the interest of knowledge, I was even willing to sacrifice one of 
the few copper cents then in my possession. I put one of them on the 
table, opened the bottle marked ‘nitric acid’ poured some of the 
liquid on the copper and prepared to make an observation. But what 
was this wonderful thing which I beheld? The cent was already 
changed, and it was no small change either. A greenish blue liquid 
foamed and fumed over the cent and over the table. The air in the 
neighborhood of the experiment became colored dark red. A great 
colored cloud arose. This was disagreeable and suffocating—how 
could I stop this? I tried to get rid of the objectionable mess by pick- 
ing the coin up and throwing it out of the window, which I had mean- 
while opened. I learned another fact—nitric acid not only acts upon 
copper but it acts upon fingers. The pain led to another unpremedi- 
tated experiment. I drew my fingers across my trousers and another 
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fact was discovered. Nitric acid acts upon trousers. Taking every- 
thing into consideration that was the most impressive experiment, 
and, relatively, probably the most costly experiment I ever per- 
formed. I tell of it even now with interest. It was a revelation to me. 
It resulted in a desire on my part to learn more about that remarkable 
kind of action. Plainly the only way to learn about it was to see its 
results, to experiment, to work in a laboratory.” It was such experi- 
ences as this one which led Ira Remsen in 1867 to abandon his plan 
to study medicine and instead to pursue the study of chemistry. 
Since at that time the American colleges had little to offer in the way 
of laboratories or as advanced studies in chemistry, Remsen decided 
to go to Munich and study under Justus Liebig, the real pioneer in 
laboratory instruction. After completing this education abroad, Rem- 
sen returned to America and became the first to occupy the chair of 
chemistry at the newly organized Johns Hopkins University where he 
eventually became president of the university. It was this same Ira 
Remsen who worked out an effective method for the synthesis of 
saccharin. 

Many leading scientists, such as Thomas Huxley in England and 
President C. W. Eliot of Harvard, stressed the value of sciences for 
complete living and social progress. Eliot accomplished a service for 
the sciences largely by an extension of the elective system and by 
placing an emphasis upon science in the curriculum of school and col- 
lege. 

Following the Civil War, chemistry grew rapidly as a subject of 
practical value. Since many of our chemists had been educated in 
Germany they brought back to our colleges and universities the con- 
cept of the individual laboratory instruction. Sometime in the last 
quarter of the 19th century, high schools offering chemistry pro- 
vided in a more or less limited fashion for laboratory work. 

It was not until around 1870 that the colleges and universities be- 
gan to accept chemistry for entrance requirements and soon there- 
after they set up definite requirements for high school chemistry in 
accredited schools. This led to a period which was referred to as ‘‘col- 
lege domination.’’ The high school course was merely a “cut down” 
version of the freshman college course and the high school texts were 
reduced versions of the college texts. In many cases the explana- 
tory and descriptive material were either omitted or given in fine 
print. This can be shown by going back to around 1920 and making a 
comparison of Alexander Smith’s high school text to that of his col- 
lege text. Here it will be seen that the topics included are the same 
and the order is also almost identical to that of the college text. 

Around the turn of the century, three reports appeared, that of the 
Committee of Ten in 1893, that of the Committee on College En- 
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trance Requirements in 1896, and that of the Carnegie Foundation 
for the advancement of teaching; all tended to carefully outline the 
separate disciplines in terms of what was needed for college entrance. 
Thus college preparation became the main objective for the study 
of secondary science. Since the high school attendance increased 
notably from 1900 to 1910, the National Education Association 
(1913) appointed a commission on the Reorganization of Secondary 
Education. This commission produced two reports: the first, ‘Car- 
dinal Principles of Secondary Education” appeared in 1918; the second, 
entitled ‘‘Reorganization of Science,’’ appeared in 1920. These two 
reports emphasized the functional value of science. The ‘Thirty- 
first Year Book of National Society for the Study of Education” 
stressed the impact of science on human affairs and indicated that 
science courses should be organized around scientific principles and 
important generalizations. The greatest contribution was the plan 
to organize subject matter and learning experience around interpre- 
tive generalizations which are significant for a liberal education rather 
than around the laws and theories of pure science. These latter re- 
ports tended to free the high schools from “university domination.” 
High school teachers began to plan their own science curricula and 
also outlined their own courses in terms of community needs. High 
school teachers of chemistry rather than university professors wrote 
the textbooks. As a result, many practical every day topics, such as 
chemistry in the home, chemistry and health, and soil chemistry were 
included in the courses. 

In spite of the new-won freedom, high school teachers still pattern 
their courses after those taught in the universities. The author re- 
cently wrote an article (an unpublished article which will appear in 
an early issue of ‘“The Detroit Metropolitan Science Review”) on 
the trend of college chemistry teaching during the past 50 years in 
which he showed that less emphasis is now placed on descriptive 
chemistry and more emphasis is placed on the study of scientific laws 
and basic principles. There is an increasing tendency to explain chem- 
ical and physical properties on the basis of the structure of matter. A 
comparison of the high school textbook of 1910 to that of 1960 shows 
exactly the same trend. In this connection, within the past ten years, 
college general chemistry texts have emphasized the sub-orbital ar- 
rangement of electrons and a few of the high school texts are now do- 
ing likewise. Another example should also be mentioned. At Brown 
University and other colleges there has been an effort to organize gen- 
eral college chemistry around the covalent bond idea. The main 
purpose of this innovation was to emphasize organic chemistry dur- 
ing the freshman year, and thus one would not be duplicating a high 
school course. However, recently at Reed College a group of high 
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school teachers, aided by college teachers, are now developing a high 
school course along this identical plan. 

The recent publication of the National Society for the Study of 
Education, Part I “Rethinking Science Education,” in referring to 
the work of the Physical Science Study Committee (working out of 
Massachusetts Institute of Technology) stated that this committee 
is “aiming at the reduction of the number of topics conventionally 
covered in these courses, and is concentrating upon the develop- 
ment of a better understanding of a few conceptual patterns which 
are fundamental in modern thinking regarding thése fields.”” The 
committee further states “the laboratory work for these new courses 
is more experimental and more directly orientated to problem solving 
than the conventional cook book type. 

The author of this paper would like to see the high school chemistry 
course kept somewhat descriptive with emphasis on laboratory work. 
If high school students are given a good background in mathematics 
and high school physics along with a descriptive course in chemistry 
that stresses elementary quantitative relationships they will have 
an adequate background for the pursuit of college chemistry. 
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NATIONAL GEOGRAPHIC SOCIETY LAUNCHES 39TH 
YEAR OF WEEKLY SCHOOL BULLETINS 


For the current school year, the GEOGRAPHIC SCHOOL BULLETINS 
offer the same high standards of accurate, readable text and lively, instructive 
pictures that have aided millions of educators and students since 1922. 

The BULLETINS are published by the National Geographic Society. First 
issue for the 1960-61 school year will be in subscribers’ hands on Monday, 
October 3. Each Monday for 30 weeks will bring a new, timely issue—with the 
exception of the Christmas and Easter holidays. 

The publication is obtained by writing the School Service Division, National 
Geographic Society, Washington 6, D. C. Domestic subscription rate is but 
$2.00 for the thirty issues, October 3, 1960, to May 14, 1961. To cover additional 
postage, Canadian yearly subscription is $2.25; elsewhere, $2.50. United States 
subscribers may send $5.00 and receive the next 90 issues (three full school 
years)—an offer that saves both money and the bother of annual renewals. 
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Rational Numbers and Terminating Placemal Fractions 


Robert C. McLean, Jr. 
Los Angeles City Schools, Los Angeles, California 


It is a popular pastime of the day to find properties of numbers 
which are not properties of the numbers at all, only of their numerical 
representatives. One of the more obscure of these is that of the prop- 
erty of forming unending decimal numbers. It is true enough that 
rational numbers which have unending decimal forms exist, but the 
unendedness is a property of the decimal number system, not of the 
rational numbers. On the other hand, irrational numbers always give 
unending fractional forms no matter what integer is used as the base 
of the number system. 

Proof of the first contention is merely one of exhibiting the exist- 
ence of a terminating placemal form for any rational number. Con- 
fining the balance of this discussion to rational numbers less than one 
(the number of digits to the /eft of the point is immaterial), one can 
change a rational number of the general form p/g to a simple place- 
mal form by assuming a number system with base g. As is less than 
q (p/q is less than one), p is represented by a single digit. This, then, 
is the transformation: p/g=-p (to base g-). There are other bases 
which could be used (multiples of g), but one is enough to demonstrate 
the contention. 

The second contention to be supported is that an irrational num- 
ber can never be represented by a periodic or terminating placemal 
form. On page 67 of What Is Mathematics?, Courant and Robbins 
demonstrate that all periodic decimals are rational numbers. They 
also remark that the proof in the general case is essentially the same. 
Thus, we have the theorem that, no matter what the base, any pe- 
riodic or terminating placemal fraction is a rational number. Thus, 
if one assumed an irrational number to have such a form, it could be 
shown that this form would lead to a rational number, which would 
be a contradiction. This leaves as the only possible form for irrational 
numbers in any placemal system, the non-terminating, non-periodic 
one. 

These considerations serve to simplify one’s notions of the differ- 
ences between rational and irrational numbers expressed as placemal 
numbers: A rational number may be expressed as a terminating place- 
mal number by proper choice of base; an irrational number may be 
expressed only as a non-terminating placemal number, no matter 
what the base. 
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Linear Indeterminate Equations—An Aid to Enrichment 


Donald R. Byrkit 
West Chicago Community High School, West Chicago, Illinois 


Each year the instructor of intermediate algebra spends much time 
on systems of linear equations, stresses the importance of having an 
equal number of equations and unknowns in order to determine a 
unique solution for the system and virtually, if not completely, ig- 
nores the parametric solutions of a system with more unknowns than 
equations. In the general solution of the equations, if there are n 
equations in (n+ a) unknowns, m unknowns may be be expressed in 
terms of the other a unknowns, which are arbitrary. If the solutions 
of the system are restricted to integers (or rational numbers) only, all 
the unknowns may be expressed in terms of a arbitrary parameters. 
If further restrictions are imposed it is often possible to obtain a 
unique solution. The simplest type of linear indeterminate equation 
is a single equation in two unknowns. These may be used to liven up 
many a class discussion if they are artfully contrived and can create 
interest on the part of the better students. Puzzles which take on an 
algebraic form for solution are a part of the folk-lore of many nations 
and can be created from whole cloth as well. Consider the following 
problem: 

Five buses, each containing an equal number of persons and nearly filled to their 
capacity of 54 each, deposit their passengers at a train station where seven 


persons are already waiting for the train. When the train arrives, the passen- 
gers are divided equally among fourteen cars. How many boarded the train? 


This problem reduces to the solution of the equation 
5x+7=14y (1) 


where x represents the number on each bus, y the number boarding 
each car and each side of the equation the total number of people. 
Now any algebra student knows that equation (1) is the equation of a 
line and that the equation of a line has every point (x, y) on it asa 
solution. The nature of the problem, however, limits the solutions to 
positive integers only and specifically asks for the largest value of x 
less than 54. 

The method of solving such linear indeterminate equations can be 
illustrated by means of a somewhat simpler example such as the fol- 
lowing problem: 


There exist two positive integers such that the sum of one of them and three 
times the other is 21. Find the integers. 


This gives us the equation 
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3x+y=21 
(2) 
y=21—3x 
For any integral value of x, y will be integral. The problem specifi- 
cally asks for positive integers, however, so it is necessary that x<7. 
The solutions then, are as follows: 
y=18, 15, 12,9, 6, 3. 
The solution could have been made unique by requiring that x>y. 
Returning to equation (1); solving for x, we find 
5a=14y—7 
14y—7 


x 


5 
4y—2 
r= 


In this case, in order for x to be an integer, it is necessary that 


be an integer. Let 


Solving for y, we obtain 
4y=5n+2 
5n+2 
4 
n+2 


y=nt 
4 


Since y and m are both integers, it is necessary that 


n+2 


be an integer. Let 
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Solving for m, we obtain 
n=4p—2 
where ? is any integer. Substituting in (4) we obtain 
y=4p—2+p 
y=5p—2. 
Substituting in (3) we obtain 
x=10p—4—1+4p—2 


7 
x=14p—7. 


The equations (6) and (7) represent the general solution of equation 
(1) in terms of an arbitrary parameter p which, if an integer, will 
yield integral solutions. Since x and y are to be positive integers, it 
follows that » must be positive. Solutions to the equation (1) may 
be obtained by choosing any value(s) of p=1, 2, 3,4, - - - . The terms 
of the original problem, however, specified that x was nearly 54. 
Therefore we need the largest value of » such that 


14p—7<54 
14p<61 


<4 : 
14 


The largest value of » which fulfills this condition is p=4, from which 
x=49, y=18, and the total number of passengers which boarded the 
train is 252. 

A discussion of a few equations of this type may lead to the ques- 
tion of two equations in three unknowns. Such a system could arise 
from a problem such as the following: 


A corporation wished to purchase a fleet of 100 automobiles for exactly $250,000. 
They wished to buy automobiles of type A, costing $2600 each, type B, costing 
$2100 each and type C, costing $1800 each. How many of each could they 
purchase? 


This problem leads to the two equations 
x+y+z2=100 
26x-+21y+182= 2500. 
Eliminating z in equations (8) and (9) we obtain 
8x+3y= 700 
3y=700—8x 
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—- 12 
n+ (12) 


n=1—2p. (13) 


Substituting the result of (13) in (12), (12) in (11), and (11) and (12) 
in (8), we obtain the results 


Since any positive value of p will result in a positive x, we solve the 
inequalities 
8p<236,  5p>135 
to obtain 27 <p <30. Letting p= 28, 29, we obtain 
x= 83, 86 
y=12,4 
s=5, 10. 
The solution could have been made unique by requiring that they pur- 
chase more type B than C, or vice versa. 
Problems such as the above are very easy to make up by observing 
that for any integers, p, g, there exist integers x, y, such that 
pxt+qy=1 
Often no positive integral solutions exist for a problem in terms of 
the stated conditions. In the automobile problem above, for example, 
if the cost of the fleet is to be $200,000, the general solution is 
x=3p 
y=400—8p 
2=5p—300. 
In order for x, y, z, to be positive, it is required that 60<p<50. No 
solution exists to the problem as stated then. 


The use of such problems, which are an offshoot of number theory, 
requires a certain minimum background, usually obtained during the 
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course in intermediate algebra, but are admirably suited to the stimu- 
lation of interest in high school students and the improvement of the 
basic skills. 


REFERENCES 


BIRKHOFF, GARRETT, AND MACLANE, SAUNDERS: A Survey of Modern Algebra. 
New York: The Macmillan Company, 1953. 
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SOIL TREATMENT MAY REDUCE STRONTIUM-90 


The rate of uptake by soils of radioactive strontium-90 varies according to 
their composition and may be reduced by chemical treatment, new studies have 
shown. 

Strontium-90 is a long-lived element of fallout from nuclear testing and in 
large doses is known to be a cause of leukemia and bone cancer in man. It acts 
like calcium; and well-developed calcium formations in both plants and animals 
tend to form a natural barrier to strontium-90. 

Strontium-90 studies were made on crops grown on uncultivated but watered 
acidic, calcareous and alkaline soils. 

The uptake from the calcareous soil was one-half to one-third the uptake from 
acidic soil. The investigators attributed this to the larger quantities of available 
calcium naturally present in calcareous soil. 

Scientists found that it was possible to reduce uptake of radioactive strontium- 
90 by as much as 80% by adding calcium-high lime or gypsum to acidic soils. 

Basic calcareous and alkaline soils treated with massive doses of phosphate 
showed a 50% reduction in uptake of strontium-90. Except for the phosphate 
treatment, however, none of the other procedures appreciably lowered stron- 
tium-90 uptake from calcareous soil. 

The lack of cultivation while thorougly wetting the soil and allowing it to dry 
established to some extent the potential reduction of radioactive contamination 
through precipitation reactions. Further studies are needed to determine whether 
an appreciable part of this potential can be realized. 

The availability of strontium-90 from soil to plants to man is an important 
factor in evaluating the health hazard presented by this radioactive element. 


BACTERIA ABOARD ROCKET SHIPS COULD 
SURVIVE MOON TEMPERATURES 


Earth-varieties of bacteria are rough and tough enough to survive extreme 
temperatures on the moon, two researchers have reported. Thus man-made 
rocket ships might carry bacteria to the moon where they will thrive. 

They found that many types of bacteria can survive heat as intense as that 
presumed to exist in sunlight on the surface of the moon. Many scientists believe 
this temperature to be well above the boiling point of water on earth. 

The two men found that many bacteria survived in a vacuum when the heat 
reached 275 degrees Fahrenheit, 63 degrees above the normal boiling point oi 
water at sea level. 

Many bacteria should be able to survive in the dry state of a vacuum on the 
moon’s surface, the scientists believe. 


A Modern Course in Chemical Qualitative Analysis 


Charles H. Heimler 


Coordinator of Chemistry, Orange County 
Community College, Middletown, N. Y. 


College teachers of analytical chemistry, recognizing the shift in 
modern laboratory procedures from the use of traditional chemical 
methods to the use of techniques employing electronic instrumenta- 
tion, have begun to direct the emphasis and approach in chemical 
education towards a more fundamental study of the basic principles 
and theories of chemistry. 

The author, a teacher of chemistry at Orange County Community 
College, has followed this pattern, and has developed a sophomore 
course in chemical qualitative analysis that places emphasis on the 
study of basic concepts and principles, and their relationship to the 
behavior of matter. Further, the course has been designed so as to 
cultivate the problem-solving abilities of the students, and also, to 
encourage the student to enter into a modified form of independent 
laboratory experimentation. This shift in emphasis and organization 
in qualitative analysis has been tried by the author for several 
semesters and has proved to be very successful. 

The course in qualitative analysis at Orange County Community 
College is based on a study of atomic structure, chemical bonding, 
and chemical equilibrium. The purpose of the laboratory work is to 
provide the student with practical examples and illustrations of the 
relationship between these principles and the actual behavior of 
chemical substances. A basic textbook! is used and, in addition, the 
bookshelf in the laboratory contains many additional texts and 
reference books. The students are also asked to buy their own copies 
of the Handbook of Chemistry and Physics. 

Three hours of lecture and recitation work are given, and each 
student is required to spend a minimum of five hours per week in 
laboratory work. (Additional laboratory time is provided and is 
desired by most students.) A strong attempt is made to correlate 
the theory and principles discussed in the lecture and recitations 
with the actual laboratory work. The author teaches both lecture 
recitations and laboratory sections, and firmly believes that this is 
essential for this type of course. 

The introductory laboratory work is traditional in nature. A 


student is assigned a set of equipment and laboratory work space, 
1 T. R. Hogness and Warren C. Johnson, Qualitative Analysis and Chemical Equilibrium. (New York: Henry 
Holt and Company, 1958). 


2 C. D. Hogman, R. C. Weast, and S. M. Selby, Handbook of Chemisiry and Physics, 40th Edition (Cleveland: 
Chemical Rubber Publishing Co., 1958). 
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and then begins to carry out the laboratory directions as provided 
in the textbook. The student completes a set of preliminary experi- 
ments and is then given an oral quiz by the instructor. If the student 
passes the quiz, he is given an unknown chemical sample to analyze. 
However, if the student does not pass the test, he is asked to study 
some more and repeats the examination before he proceeds further. 
(A grade is given for both the quiz an’! the unknown report.) Each 
student is required to complete the analysis of a minimum of six un- 
known samples during the semester. 

For about the first four weeks the instructor plays a dominant 
role in the laboratory work. Considerable discussion of laboratory 
techniques and interpretation of textbook laboratory directions is 
provided. However, after this introductory period the students are 
encouraged to proceed on their own. They are requested to depart 
from the traditional method of analysis, as provided in the class 
textbook, and to develop schemes of analysis based on the chemicai 
principles and properties they have either studied in class, or can 
locate in the available reference books. The reference book Spot Tests* 
has proved particularly useful. 

A significant part of the course work involves the completion of a 
student project. The project deals with a report on the relationship 
between qualitative analysis and some other science in which the 
student is interested, or it may deal with a specific laboratory tech- 
nique in qualitative analysis. The project must involve preliminary 
library research, actual laboratory experimentation and the comple- 
tion of a written report. For example, last semester a student, who 
was also taking course in geology, completed a project dealing with 
the identification of the trace elements in the mineral magnetite. 
Another student worked on the identification of the elements by 
spectroscopic means, and completed a report dealing with the use 
of the Fisher-Todd spectranal in the analysis of metallic samples. 

The final examination in this course is of the open-book type. 
Students are allowed to bring their text, and any other reference 
books they wish. The examination contains both descriptive type 
questions and quantitative problems—the object being to evaluate 
the student’s ability to use his knowledge and understanding of 
chemical principles in the solution of practical analytical problems. 

The results of this type of course have been very favorable. The 
stimulation of interest on the part of the students and the kindling 
of their enthusiasm has been very impressive. Although they were 
required to spend a minimum of five hours in the laboratory, most 
students were willingly working from eight to fourteen hours per 
week, and sought additional time during their vacation periods. In 


* Fritz Feigl, Spot Tests, Volume I, Inorganic Applications. (New York: Elsevier Publishing Co., 1954). 
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addition, about one-half of the class turned in project reports of 
exceptional quality. Moreover, the students developed a deeper in- 
sight into the nature of analytical procedures and acquired a greater 
sense of maturity about laboratory work. Further, their achievement 
on standardized tests (American Chemical Society Examinations) 
indicated that their knowledge of factual material was equivalent to 
that possessed by students taught by the instructor in a more tradi- 
tional manner. 


An Eye for an i 


William R. Ransom 
Tufts University, Medford, Mass. 


Let us cast an eye on 7 for a moment. There are two numbers used 
in algebra whose squares are minus one. Twins are often hard to tell 
apart: these two, 7 and /, are easy to tell apart, for one is the negative 
of the other. But there is no way to tell which is which! The equation 
x*-+1=0 shows that i+j=0, and ij=1. At first you think it is easy, 
because j is the cube of 7: but just the same 7 is the cube of 7, and 
each is the reciprocal of the other. 

We do not need them both, for either is simply expressed in terms 
of the other. Electricians prefer to use 7, mathematicians commonly 
use 7. What are they good for? Three conspicuously different uses 
may be cited. 

The most extraordinary use of them in Euler’s formula 


e*=cos (x radians)+j sin (x radians) 


which enables physicists to treat simple harmonic motion by means 
of exponential formulas. 

Another surprising use is in finding the equation of a circle through 
three given points, say (a,b), (a,8), and a third point. It is easy to 
see that the first two points satisfy the equation 


k[(x—a)(b—8) — (y—6)(a—a) ] =0 


and that this contains x*+y” and no xy term, and so is the equation 
of a circle. Then we need only determine & so that the third point 
satisfies it also. If you like algebraic fun, try this for a circle through 
(0, 0), (0, 1), and (1, 0). You should get k=j—1. 

Thirdly, there are equations where the terms in j cannot cancel 
with the other terms, and one such case shows how to get the square 
root of a+07 in the form «+ yj. For 


a+bj = (x+yj)? = x°— y?+ 2xyj 
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leads to 
a=x*?—y? 
b=2xy 
whence 
(x?+ y?)?=a?+6?= R?> a’. 
Then from 
x*+y°=R 


a? =(R+a)/2 
y?=(R—a)/2. 


and since R>a, both x and y come out real. 

But what we started to say was that the ““— 1” ought to come out 
from under the radical sign. We used to hear about the Professor who 
had a nightmare in which he found himself with a negative sign under 
a radical, and could not get out. There is no need to admit a nega- 
tive number under a radical sign: factor out the 7. We get no benefit 


from the form »/—1: i or j is better. That ?=—1 is the useful and 


all sufficient thing to say about 7. Let us drop the cumbersome, inu- 
tile, and provocative form ~/—1. 

Also, it would be better to carry on with j, (as the electrical people 
do), than with the symbol 7, which suggests the unfortunate term 
“imaginary.”’ Gauss, whose opinion is worth adopting, proposed to 
use the term “‘lateral” rather than imaginary. The complex number 
a+bj is real if b=0, and is lateral if b¥0. 


STATE SCIENCE BULLETINS 


The Sarasota County Association of Science Teachers publishes an interesting 
bulletin known as SCAST BULLETIN. It contains many news notes and 
teachings tips. It is edited by Dempsey L. Thomas, Riverview High School, 
4950 Lords Lane, Sarasota, Florida. 

The Michigan Science Teachers Association also publishes a bulletin, called 
THE MSTA NEWSLETTER. Each year the Association adopts one central 
theme around which its year’s activities and annual convention are organized. 
One issue of the Newsletter contains an extensive report of that year’s activities. 
Copies of the five annual reports are free on request. Write: 

Michigan Science Teachers Assocation 
535 Kendall Avenue 
Kalamazoo, Michigan 
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Thermal Conductivity of Gases 


Aurlocolus C. Herald, Jr. 
Booker T. Washington High School, Houston, Texas 


A simplified method for determining the approximate relative ther- 
mal conductivity of gases has been described in a previous study. In 
that study it was reported that the relative thermal conductivity of a 
gas may be determined by measuring its rate of cooling in a suitable 
cell of known volume and surface area. The equation k= C,nr/A was 
used in calculating conductivity values in the previous study. This 
method was found suitable for student determinations or in general 
for obtaining good approximate values in a greatly simplified manner. 

Subsequent investigation revealed that a linear relationship exists 
between k/C, and r,/r. where k is thermal conductivity, C, is molar 
heat capacity of the gas at constant volume, r, is rate of cooling of the 
gas in degrees per second, and yr, is rate of cooling of air in degrees 
per second. 


Relationship of k/C, and r,/ra 


When &/C, is plotted against r,/r. for the eleven gases used in the 
study a straight line is obtained with a slope of 1.09810- (see 
Table I and Figure 1). This relationship may be expressed by the 
equation 


(1) k/Cy=mr,/Ta. 


Rearrangement of (1) gives 
(2) k=mr,Cy/Ta 


in which m is the slope of the line obtained in figure 1. 


EVALUATION OF m 
Graphical Evaluation of m: 

In figure 1 two points P; and P2 were selected at random along the 
line obtained in the figure. The value of the slope, m, was then com- 


puted by use of the formula m= Y,—Y,/X,—X;, and found to be 
1.098X10-, average value. 


Mathematical Evaluation of m: 


Evaluation of m from accepted values of k and C, taken from the 
Handbook of Chemistry by Lange is described in detail as follows: 
Previous investigation indicated that the formula 


1 Herald, Aurlocolus C., “A Simplified Method for Determining the Approximate Relative Thermal Con- 
ductivity of Gases,’’ ScHoot SclENCE AND MATHEMATICS, January, 1960, pp. 10-14. 
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Fic. 1. k/C, plotted against r,/r,. Plotted points taken from Table I. 


TABLE I 
Cl, .0557 6.14 1.83 .298 
H.S .0865 .421 6.57 3.045 .463 
CO, .0916 -446 6.92 3.39 .489 
. 1039 . 506 7.93 4.4 .554 
NH; . 1460 711 6.57 5.135 .781 
NO . 1522 .741 5.11 4.16 .814 
CH, . 2040 -993 6.59 7u2 1.092 
Air . 2053 1.000 5.07 5.572 1.099 
Oz .2110 1.027 5.05 5.7 1.128 
H, 1.509 7.35 4.91 39.6 8.065 
He 2.108 10.26 2.98 33.6 11.275 


19 =rate of cooling of gas in degrees per second 

1q/tqa =ratio of rate of cooling of gas to rate of cooling of air 
Cy=molar heat capacity at constant volume 

k X106=thermal conductivity of the gas 

k/Cy=ratio of thermal conductivity to molar heat capacity. 
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(3) k=C,nr/ A 


may be used to calculate the thermal conductivity of a gas from cool- 
ing rate data where n is the number of moles of the gas in the cell and 
A is the total surface area of the cell. Rearrangement of (3) gives 


(4) r=kA/C.n. 


The cooling rate for air, r,, may be expressed, therefore, by the equa- 
tion 


(5) 
and the cooling rate of any gas by the equation 


(6) r,=k, A/nCy. 


%,=k,A/nCa 


By substituting in equation 2 the equivalent of r, from equation 5 
and the equivalent of r, from equation 6 we obtain 


k,A k,A 
k,= ( + Cym 
Ca 


mk,ACanC, mk,Ca 
C nk, A k, 


whence 


In terms of m, m=k,ka/koC. so that 
(7) m=k,/Ca. 


From Lange’s Handbook of Chemistry k,=5.57X 10~ and C,=5.05. 
Substitution of these values in equation 7 and solution of the equa- 
tion for m gave 1.098 X 10~ as the value for m which is in agreement 
with the value obtained graphically (Figure 1). 


SUMMARY 


It appears that the constant m is not only universal but inde- 
pendent of experimental conditions. The calculation of approximate 
relative thermal conductivity of any gas can therefore be further 
simplified by making use of equation 2 where m=1.098X10-°. Use 
of this equation eliminates the necessity for determining the numer- 
ical value of the cell constant. One simply determines the ratio of the 
cooling rate of any gas to that of air in the same experimental cell 
and computes directly the thermal conductivity, k,, of the gas. 

Further investigation is being conducted relative to the linear re- 
lationship between k, time of cooling ¢, and molar heat capacity C,. 
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Paper Negatives—A Simple, Inexpensive Technique 
for Obtaining Microphotographs 


Robert C. Goss and Larry H. Ogren 


Department of Biological Sciences, Loyola University of the South, 
New Orleans, Louisiana 


Observations made at science fairs indicate that many students are 
interested in microphotography. Unfortunately though, the school 
budget doesn’t allow for the purchase of a camera adapted to fit onto 
the microscope. Some students have attempted to take pictures with- 
out adapters. Others have tried making various types of adapters 
fitted with a close-up lens. Many times this leads to pictures which are 
out of focus or to a frustrating experience for the student. The purpose 
of this article is fourfold: (1) to illustrate a reliable method for 
obtaining photomicrographs of a variety of objects without the use of 
a camera; (2) to show by examples, the versatility of the procedure; 
(3) to bring out the simplicity of the method; and, (4) to present data 
which will enable the worker to make quantitative measurements of 
the object so photographed. 

The paper negative method is not new. In fact many photographic 
books call it “negative printing.’”’ The technique is a specialized 
photographic process. It can be applied, for example, to any object 
small enough to be placed under the microscope. It can be equally 
utilized to record biological, chemical or physical specimens (Figure 
1). 

Photographic printing is a process of passing light through a nega- 
tive so that it forms a corresponding image in the sensitive emulsion of 
a photographic paper. Since no camera is utilized in the procedure no 
negatives are obtained. The resulting prints are actually negatives. 
This feature does not distract from the usefulness of the method. 

In choosing material to be photographed it should be remembered: 
those structures which were white or clear in the microscopic field will 
be dark on the developed paper and the dark areas or the blacks will 
be white in the finished product. The capillitium of the Stemonitis sp. 
(Figure 1D) is dark in reality. Exposed to photographic paper the 
capillitium is white and the background becomes dark. In Figure 1E 
the pore openings of the Polyporus sp. are clear on the microscopic 
slide and the tissue area is dark. 

The microphotographs are made by the projection of the object 
through the microscope and onto photographic enlarging paper. The 
success of the technique is dependent on the precision of the optical 
system of the microscope and on the focusing ability of the operator. 

Preliminaries to obtaining the microphotographs include darkening 
a work room, having the microscopic slides in order and cleaned, set- 
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ting up the monocular compound microscope, arranging the necessary 
trays, and preparing solutions. It is essential that preliminaries be 
taken care of so that once underway, the worker can proceed without 
interruption. 

Selection of a dark room for exposing photographic paper need not 
be as critical as for the selection of a dark room for film development. 
Paper emulsions are relatively slow. Their sensitivity is limited only 
to blue light. A fair degree of illumination is permissible in the dark 
room so long as the light present does not contain blue. 


MATERIALS 


A ring stand is placed on either side of the monocular compound 
microscope in the dark room. Burette clamps are then placed on the 
ring stand approximately 10 inches above the ocular lens of the micro- 
scope. 

The following items can be purchased for less than $5.00 from any 
photographic store. Acid-fixer, stop bath, paper developer, 25 sheets 
of 4X5 medium contrast (f-2) enlarging paper, 3 plastic or enamel 
5X7 trays, a safelight, and a 4X5 print frame. 

The Eastman Kodak Company puts out a package called ‘“Tri- 
Chem Pack.” The package contains sufficient chemicals to make eight 
ounces of the necessary developer, stop bath and acid fixer. The cost 
is less than 40¢ for the package of three chemicals. There are enough 
chemicals for about two to three hours of processing. 

It is essential that the paper purchased is enlarging paper and not 
contact paper. There are three basic types of photographic paper. For 
contact prints there are papers with slow emulsions. The enlarging 
papers have a fast emulsion. These two types of papers are known, 
respectively, as chloride and bromide papers. The chlorobromide 
paper is an in-between type which can be used for both contact and 
projection printing. 

A very satisfactory low-priced safelight is obtainable at many 
photographic stores. The bulb screws into any drop cord or outlet. Of 
course there are safelights which are more expensive with a series of 
filters or others which are 2-way affairs. 

The print frame holds the photographic enlarging paper. It is nec- 


Legend for illustrations, left: 


Fic. 1. Examples of the application of photographic paper technique to obtain 
negative prints of microscopic objects: A. crystals of mannitol; B. gemmule 
spicules of the fresh-water sponge Meyenia subdivisa Potts; C. nematode larva 
(order Rhabditida); D. capillitium of Stemonitis sp.; E. pore surface of a Poly- 
porus sp.; F. sporangium of a Phycomycete species; G. gemmule and dermal 
spicules of the fresh-water sponge Spongilla lacustris (Linnaeus); H. paper clip; 
I. human hair and nylon cord. 
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essary that the emulsion side of the paper be facing the ocular of the 
microscope when the paper and the print frame are placed in the 
clamps. The emulsion is the glossy-surfaced side of the paper. As a 
rule the paper tends to:curl toward the emulsion side. If desired, the 
enlarging paper can be held between two pieces of clear glass in place 
of the print frame. When the substage lamp is turned on for approxi- 
mately 2 to 4 seconds, the image of the object strikes the paper. The 
paper is developed in the usual manner. 

Focusing of the object can be done on ground glass supported on 
the ring stand. A substitute can be had by placing a 4X 5 index card in 
the frame and focusing on the card. Onion skin paper supported by a 
thin piece of glass can also be used for focusing. 


PROCEDURE 
Step 1 


A. Place side by side the three plastic or enamel trays in the dark 
room. For convenience, the right hand tray is used for the developer, 
the center one for the stop bath and the tray on the left for the acid 
fixer. 

B. Make some provision for washing the prints in running water 
after they are fixed. It will be necessary to wash the prints thoroughly 
in running water for approximately one hour. 


Step 2 


A. Place the microscope slide on the stage of the microscope. 

B. With the condenser system and the diaphragm of the micro- 
scope critically focus and cut out any extraneous light. 

C. Turn out all lights except the safelight and the substage lamp. 

D. Focus the object onto the ground glass, index card or the onion 
skin paper. 


Step 3 


A. With all lights out except the safelight place a piece of enlarging 
paper in the print frame. Make certain that all other unused enlarging 
paper is safely covered. 

B. Place the print frame in the burette clamps. 

C. Expose the paper by turning on the substage lamp. Different 
types of microscopic subjects require different exposure times. It is 
best to make a test exposure sheet for each different field. The test 
sheet is made by exposing a section of paper for 1 second; another 
section for 2 seconds; the next for 3 seconds and so on. After develop- 
ing one can then determine the test time to obtain maximum contrast. 

D. Place the paper in the tray containing the developer. Follow the 
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directions on the packages purchased or consult a handbook on 
photography for the developing procedure. If after making the test 
print and developing it you find that it is gray, or lacks contrast you 
probably need a paper of different contrast. 


MEASUREMENT OF Microscopic OBJECT 


An object magnified by the microscope has attained its magnifica- 
tion in two steps. The first magnification results from the objective 
employed and the second by the eyepiece. The final magnification of 
the object is the product of the objective and the eyepiece. On the 
objective one will find a number with “ X”’ behind it. This combination 
of symbols indicates the magnification of that particular lens. Most 
microscopes are supplied with 10X, 43X, and 97X objectives. The 
eyepiece is generally marked with 10X although others are inter- 
changeable. Calculation of the total magnification is made by multi- 
plying the objective magnification by the eyepiece magnification. For 
example, the objective magnification is 43 X and'the eyepiece magnifi- 
cation is 10, the final magnification is the product of the two or 430. 
This indicates that the diameter of the object has been magnified 430 
times. 

Determination of the diameter of an object on photographic paper 
is complicated by the fact that for maximum definition the image 
formed on the paper is well past the eyepoint. The eyepoint is that 
place in the area above the ocular where the emerging light rays cross 
(Figure 2). If the eye is placed approximately one inch above the ocu- 
lar it will receive the greatest number of rays from the microscope and 
thus see the largest field. If the eye is too far from, or too near the 
ocular, part of the rays cannot enter the pupil of the eye and the 
microscopic image is restricted. 

Figure 2 illustrates the principle of the eyepoint phenomena in 
microscopy. The photographic paper functions the same as the retina 
of the eye in that the paper records whatever is exposed to it. As the 
conical field increases so does the enlargement of the microscopic 
field. The larger the angle, however, the less definition of the subject 
on the paper. 

Relative size of the object photographed is determined in three 
steps. First, determine the total magnification of the microscope. 
Second, determine the distance between the ocular and the enlarging 
paper. Third, compare the size of the photographed image with the 
size of a reference. 

Once the total magnification of the microscope is determined refer 
to Figure 3 to find the ‘‘enlarging factor.’’ The product of the height 
multiplied by the enlarging factor will be the number of times that 
the object has been magnified. For example, using a 10 X objective and 
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Fic. 2. The optical pathway of a compound microscope. The sketch illustrates 
the phenomena of the eyepoint and the enlargement of the object on photo- 
graphic paper due to the increase in the conical angle beyond the eyepoint. 
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an 8X ocular, the paper 5 inches from the ocular, then the enlarging 
factor is approximately 7.6. The product of the enlarging factor times 
the height is 38.0. The diameter of the object photographed has been 
magnified 38 times. 

The reference used in this work was a piece of a paper clip (Figure 
1H). Using spring calipers the diameter of the wire was determined as 
.036 inches. Under the conditions of the example listed above the 
photographed paper clip would be 1.368 inches in diameter. To con- 
vert the measurement to centimeters multiply by 2.54 and to change 
the centimeters to microns multiply by 10,000. 


THINGS TO COME IN SPACE PROGRAM 


Out-of-this-world predictions by the National Aeronautics and Space Ad- 
ministration will put a man on the mmoon about ten years from now, fire an 
astronaut into orbit next year, and launch an orbiting astronomical observatory 
by 1964. Judging by past performance since January, 1959, the target dates for 
these goals and others set by the Government’s civilian space agency may be 
achieved as predicted. 

Early in 1959 NASA officials told a Senate committee that eight satellites and 
two deep-space probes would be launched in 1959, and six satellites and four 
deep-space probes in 1960. 

In 1959, 12 satellites were successfully launched under NASA’s auspices, of 
which one was a deep-space probe. 

As of today, five of the six promised satellites have been fired into space, 
including Pioneer V, another deep-space probe. What is even more important, 
the 1960 U. S. satellites still are transmitting scientific data. 

Also promised for this year are close to a hundred rocket soundings to an 
altitude of about 4,000 miles, and a sub-orbital launch of an astronaut in the 
nose-cone of a rocket. 

There is some inclination to doubt the astronaut firing because NASA’s pro- 
gram in this area called for several successful launch and recovery of animal- 
occupied rockets. There have not been enough of these to warrant rocketing a 
man into an earth orbit, it is believed. 


NEW METHOD FOUND FOR LARGE RADIO TELESCOPES 


A new method for “making” a large radio telescope has been developed by 
two astronomers at the Cavendish Laboratory in Cambridge, England. They 
say it can be made by mathematically combining the radio information re- 
ceived on two smaller radio telescopes. 

The synthetic radio telescope was devised by Drs. M. Ryle and A. Hewish to 
obtain increased resolving power. Many investigations of the sources of radio 
waves in the heavens are limited by the resolving power that can be achieved by 
conventional methods of constructing the receiving antennas. 

To overcome such limitations, Drs. Ryle and Hewish developed a method by 
which two antennas are so arranged that their relative positions can be altered 
to occupy successively the whole area of a much larger equivalent aerial. The 
results of such observations are then combined mathematically. 


te 


Investigations in Series and Parallel 
Circuit Combinations* 


Barry MacKichan 
Central High School, Grand Forks, North Dakota 


In the December, 1957, issue of ScHooL SCIENCE AND MATHE- 
MATICS, there was an article by Harald C. Jensen describing a cir- 
cuit that can be used to show series and parallel circuit combinations. 
My science teacher built the circuit and presented the following puz- 
zle to the class: How many possible parallel and series combinations 
can be represented by the circuit? I enjoyed finding out not only how 


— 


] 


Fic. 1. The described circuit 


many combinations there were for the original circuit which had four 
lights, but also investigating how many combinations there were for 
five, six, and more lights. This study eventually led to a formula 
which I believe will tell how many combinations there are for any 
number of lights. The formula turns out to be, if C(m) represents the 
number of combinations for number of lights, 


2 2 


In the following article, I will describe how this formula was derived. 

In my first analysis, I made use of a “tree’’ to represent the pos- 
sible combinations. To construct the “tree’’ (Figure 2), first designate 
each light in the circuit by a letter. The first light is thus represented 
by a, the second by 8, the third by c, and so on. Two or more lights in 
series are represented by putting the letters representing them next 


C(n) = 


* This is an article written by a high-school sophomore, based on his research for a Science Fair project. The 
editors are always pleased to publish student materials. 
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to each other. Thus lights a and 6 in series would be represented 
by ab. Lights a, b, and ¢ in series would be represented by abc. In 
this discussion, a single light on will be considered a series combina- 
tion containing one light, just as abc will be considered a series com- 
bination. Two series combinations in parallel will be represented b 
abc-de or a-cd-e. ‘ 

It can be seen by studying the circuit diagram (Figure 1) that 
only adjacent lights in the circuit can be in series and that parallel 
combinations cannot be in series with other parallel combinations. 
Thus, these possibilities should not be counted. 

Now let’s consider series combinations only. They are, if a circuit 
of five lights is considered, 


TABLE 1 


abc 
bcd 
cde 


Each one of these represents a distinct combination of lights in series 
for the circuit. Series combinations can also be in parallel with light 


a. These combinations are 


TABLE 2 


Light a in parallel with 


Series combinations can also be in parallel with any series combina- 
tion ending in a or 6. These combinations are 


TABLE 3 


—cd 
Any combination ending in a, or b in parallel with —d —de 


The series combinations that can be in parallel with light a, b, or c 
are d, de, and e. The only light that can be in parallel with series com- 
binations that end in d or a previous light is e. The preceding pos- 
sibilities are summarized in the “tree diagram” that is shown in 
Figure 2. 

It will be noticed that the series combinations comprising Table 1 
are represented in column I of the tree. Each of these combinations 


: a ab abcd abcde 
b be bcde 
c cd 
d de 
—b —be — bcd — bcde 
—cd —cde 
—d —de 
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Column I Column II Column IIL Column IV 


Fic. 2. Tree diagram for five lights. 


represents a distinct circuit possibility for the circuit. The series com- 
binations that comprise Table 2 are represented in column II. The 
group of combinations in column II is the possible combinations that 
are series combinations in parallel with light a. The group of series 
combinations in Table 3 are represented in column III. The top 
group represents the series combinations that are in parallel with the 
parallel combinations a-b. Thus the combination de, in the top group 
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of column III represents the distinct circuit possibility a-b-de, while 
the third e from the top of column V represents the distinct possible 
combination a-b-cd-e, and the fifth e from the top of column V repre- 
sents the combination of a-d-e. 

Now with the aid of Table 1, we see that there are (1+2+3+4+5) 
possibilities in column I of Figure 2. There also are (1+2+3-+-4) pos- 
sibilities represented in column II. In column IIJ, there are three 
groups of combinations, however, so the total number of combina- 
tions in this column is 3(1+2+3) or 18. Similarly, in column IV the 
group of combinations is represented eight times. ‘Since there are 
(1+2) combinations in each group, there is a total of 8(1+2) com- 
binations in column IV. There are 21(1) or 21 combinations repre- 
sented in column V. If we write these out, we have the total number of 
combination for five lights. — 


C(5) 4) +3(1+2+3) +8(1+ 2) +21(1) 


Consider the coefficients of the parenthetical expressions in the 
above formula. They are 1, 1, 3, 8, and 21. Upon examining these 
numbers, it is apparent that each number is the sum of all the pre- 
ceding numbers of the series plus the preceding number again. Thus 
1+1+3+3=8and 1+1+3+8-+8=21. A more important fact about 
the numbers is that they are, excepting the first “one,” equal to 
every other term of the Fibonacci sequence. 

The Fibonacci sequence is formed by taking the number one and 
following this rule: Each term of the sequence is the sum of the two 
preceding terms. The sequence is 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, - - -. 
Since the Fibonacci sequence is necessary for the following discus- 
sion, I shall develop a few formulae about the sequence. 

Any term of the Fibonacci sequence, F,, is equal to the sum of the 
two preceding terms, 


F, = 
But 
F,-2= Frat Fin 
and 
Fy-3= 
This process can be continued until 


if m is an even integer. Since Fo is equal to zero, the rule can be 
stated: Any even numbered term of the Fibonacci sequence is equal 
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to the sum of all the odd numbered terms preceding it. Also by a 
similar process, if m is an odd integer, 


For any series of elements in a specified order, if they are taken 
first one, then two, then three, at a time and so on up to m, and the 
order in which they are taken is the same as in the original series, 
there will be one combination ending in the first element of the series, 
two ending in the second element of the series, etc., until there are n 
combinations ending in the mth element of the series, so that there 
are 1(1+2+3-+4 - - - m) possible ways of taking them. 

As previously stated, there are 1(1+2+3+4+5) or 15 possible 
combinations represented in column I. In column II, there are 
1(1+2+3-+4) or 10 combinations represented. The reason the co- 
efficient of the parenthetical expression is one is that there is only 
one combination in the previous series ending in the first term of the 
series, which is a. There are two numbers that end in 3 in the first col- 
umn and one that ends in 6 in the second column. The result is that 
there are three sets of (1+2+3) combinations in the third column. 

To express these results in a form that will lead to generalization, 
we note that there are three combinations in column I that end in C, 
two in column II that end in c, and three in column III. These may 
be expressed as follows: 

1+1+3 
i+1 


By substituting terms of the Fibonacci sequence for the numbers 
Fi+F, =F, 
F, = PF, 
Fs. 

We have added horizontally, and then added vertically to get the 
sum of all the terms of the sequence represented in the array. The 
sum of 3F,+2F.+F,=F,. This means there will be F/; or 8 times the 
set (1+2). By using the same method, we can show that 4F,+3F, 
+2F,+F,=F:, which is the number of combinations in column IV. 
By continuing this method, we can show that the coefficients of the 
parenthetical expressions given before will always be the even num- 
bered terms of the Fibonacci sequence. 


It is now possible to write a formula for the possible combinations 
for any number of lights. 
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+ 


(3) 


The number of combinations for n—1 lights is then 
C(n—1) =F (14243 ---n—2)4+--- 
+ F on—6(1 +2) + Fon—a(1). 
Subtracting equation (4) from equation (3), we get 
(s) C(n) —C(n—1) =F, (n)+F2(n—1)+Fa(n—2)+ --- 
+ F on—4(2) + Fon—2(1). 
By arranging the terms on the right hand side of the equation in an 
array and adding as before, we get 
(6) C(n) —C(n—1) = Fan. 
Then 
(7) C(n) —C(n— 2) = Font+ F on-2. 
By continuing this process, we get 
(8) C(n) —C(1) = +Fot Fa. 
Since is an integer, 2” is an even integer so that 
(9) Font+ Fon—2tFonat 
By substituting equation (9) in equation (8), we get 
(10) C(n) —C(1) = Fangi— F2—F 1. 
F,, F, and C(1) all equal one, so by substitution we get 
(11) C(n) = Fongi—1. 


It should be noticed that this does not include the possibility of all 
lights being off. If this possible combination is included, the formula 
becomes C(m) =F 2n4:. We will accept equation (11) as the equation 
that suits our purpose. 

The formula for the th term of the Fibonacci sequence is 


+ “y-(* =) 
2 2 
VJ5 


Since we want the 2n+1 term of the sequence, we substitute 2n+1 
for m in equation (12), and then substitute for F2,41 in equation (11). 


(12) 
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2 2 


(13) C(n)= 


for lights. 


PROPOSED CHANGES IN CASMT BY-LAWS 


V5 


This is the formula for the number of possible circuit combinations 


The following changes in the By-Laws were proposed by the Board of Direc- 
tors at the Spring Board Meeting in May. Action will be taken on these at the 


annual meeting in November. 


ARTICLE III. OFFICERS 


SECTION IV. POWER AND DUTIES OF OFFICERS: 


(b) VICE-PRESIDENT: 
Present 


He shall act for the President in the 
latter’s absence. He shall also serve as 
a member of the Executive Committee. 


Proposed 


He shall act for the President in the 
latter’s absence. He shall serve as a 
member of the Executive Committee 
and shall act as Chairman of the Pro- 
gram Committee. 


ARTICLE IV. BOARD OF DIRECTORS 
SECTION IV. ELECTION, TENURE OF OFFICE, AND COMPENSA- 


TION: 
Present 


... Those candidates declared elected 
to membership of the Board of Direc- 
tors shall be the required number of 
nominees receiving the largest number 
of votes cast in the annual election as 
described in Section III (b) of Article 


... Vacancies in the Board of Direc- 
tors or list of officers shall be filled by 
the Board of Directors at any meeting 
thereof. A director so chosen shall serve 
until the next annual business meeting 
when a successor shall be elected to fill 
the unexpired term. 


Whenever directors are elected, whether 
at the expiration of a term or to fill 
vacancies, a certificate under the seal 
of the Association giving the names of 
those elected and the term of their office 
shall be recorded by the Treasurer and 
Business Manager in the office of the 
recorder of deeds where the certificate 
of organization is recorded. 


Proposed 


The four nominees receiving the largest 
number of votes cast in the annual 
election as described in Section III (b) 
of Article III shall be declared elected 
to the Board of Directors. In case of a 
tie the decision shall be made by lot 
under the supervision of the Chairman 
of the Nominating Committee and the 
Secretary of the Association. ... 


... Vacancies in the Board of Direc- 
tors or list of officers shall be filled by 
the Board of Directors. A director so 
chosen shall serve for the remainder of 
the unexpired term, when nomination 
and election shall take place as pro- 
vided above. 


The entire paragraph is deleted. 


4 
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Highlights of the 1960 CASMT Convention 


The 60th Convention of the Central Association of Science and 
Mathematics Teachers will be held at the Statler Hilton Hotel in 
Detroit, Michigan on November 24-26, 1960. The theme of the meet- 
ing is, ‘Challenging Science and Mathematics Students Toward the 
Horizons of Knowledge.”’ 

In keeping with this theme, the opening session on Thursday eve- 
ning, November 24, considers, ‘‘The Challenge of Challenging Stu- 
dents.”’ Initial discussion by a panel will be extended to include those 
in attendance. 

This initial challenge will be extended, in the subsequent two days, 
to many other challenges and horizons of knowledge. 


HORIZONS OF KNOWLEDGE: 


Our understanding of how we learn to interpret abstractions, the 
discovery of organized systems in the tiniest of particles, and pushing 
our explorations ever outward into the vast systems of outer space 
are stimulating examples of the ever expanding frontiers of knowledge. 
These “horizons’’ will be explored, in our general sessions with the 
following outstanding speakers: 

“Horizons of Knowledge of the Atom’’—Friday morning, Novem- 

ber 25. 

Dr. Leonard Roellig, Department of Physics, Wayne State Uni- 
versity, Detroit, Michigan. 

‘Horizons of Knowledge of the Psychology of Mathematics—Ele- 

mentary and Secondary’”—Friday morning, November 25. 

Dr. Henry Van Engen, Department of Mathematics, University 
of Wisconsin, Madison, Wisconsin. 

“Horizons of Knowledge of Space’’—-Friday evening, November 25 
Dr. F. D. Drake, National Radio Astronomy Observatory, Green 
Bank, West Virginia. Director, Project “Ozma.” 

“Horizons of Knowledge of the Cell’’—Saturday morning, Novem- 

ber 26. 

Dr. Wayne E. Magee, Research Division, The Upjohn Company, 
Kalamazoo, Michigan. 

In addition, a “horizon”’ of a different nature will be explained at 
the annual luncheon on Saturday, November 26. This is the horizon 
of a device—the teaching machine. ‘“Teaching Machines on the Hori- 
zon? What Are the Implications for Science and Mathematics 
Teaching?” Dr. James Holland, Psychological Laboratory, Harvard 
University, Cambridge, Massachusetts. 


PROBLEM DEPARTMENT 


Conducted by Margaret F. Willerding 
San Diego State College, San Diego, Calif. 


This department aims to provide problems of varying degrees of difficulty which will 
interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The Editor of the Department desires to serve her readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Wilderding, 
San Diego State College, San Diego, Calif. 


SOLUTIONS AND PROBLEMS 
Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 
1. Solutions should be in typed form, double spaced. 
2. Drawings in India ink should be on a separate page from the solution. 
3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 


4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


LATE SOLUTIONS 
2715, 2722. Enoch J. Haga, Vacaville, Calif. 


2720. Brother Felix John, Philadelphia, Pa. 
2722. Mother Alphonsa Kohne, Arcadia, Mo. 


2700. Proposed by J. B. Flansburg, Houston, Texas. 


Prove that there is no » for which the value of 3+4+4-+ - - - +1/mis integral. 

Comment and corrected solution by C. W. Trigg, Los Angeles City College. 

The solution published on page 245 of the March 1960 issue of SCHOOL SCIENCE 
AND MATHEMATICS shows that the harmonic series is divergent, but it does not 
prove the proposed problem. A proof follows: 

If the highest power of 2 occurring in any denominator of the series is 2”, 
then that denominator is 2”, for 2" <2™t! <2™k for k >2. Hence the least common 
denominator of the series is 2x, where x is an odd number. When each term of the 
series is converted into a fraction having this L.C.D. as a denominator, every 
numerator will be even except that of x/2"x. Therefore the sum of the numerators 
will be odd. Thus the sum, S,, of the series is a fraction with an odd numerator 
and an even denominator hence cannot reduce to an integer. 

This problem has previously been dealt with in the American Mathematical 
Monthly, Vol. 41, page 48, January 1934 where four references to solutions in 
foreign publications are given also. 


A correction was also submitted by H. W. Gould, Morgantown, West Va. 


2725. Proposed by Louis J. Hall, Bloomington, Ind. 


There is an old problem in which a person beginning employment is given a 
choice of a pay schedule of starting play plus a raise of either $150 a year or $50 
every six months, the raises to take effect at the end of each respective period of 
employment. It can be verified that the $50 every six months is the better choice. 
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This is also true if the choices are $200 and $50 respectively, but not true if the 
choices are $250 and $50. Find an expression for a choice of “B” dollars raise 
per year of ‘‘A” dollars every six months which will be equivalent in total earn- 
ings in years for m greater than number one. 


Solution by Alan Wayne, Baldwin, New York. 


Suppose that a constant raise of R, dollars above the starting salary is given 
at the end of each 1/kth part of a year, for k=1, 2, 3, and so on. Let Ey be the 
sum of all the moneys earned in » years from only these raises above the starting 
salary. Then 


Ex = Re t+ 2Re t+ +++ + (kn — 1)Ri, 


so that 
(1) Ex = tkn(kn — 1)Re. 
In particular, for yearly raises, 
(2) = 4n(n — 1)R,. 
When »>1, by using (1) and (2) we find that Z,=Z, if and only if 
(3) Ri = [k? + — 1)/(m — 1)) Re. 
For the problem, Ri=B, and R2=A. Then 
(4) B = [4+ 2/(n — 1)JA. 


This is the desired relation. We note also that if Ri <k? R, for m>1, then 
Ey <E,. 


Solutions were also offered by Enoch J.: Haga, shania Calif.; and Louis J. 
Hall, Bloomington, Ind. 


2726. Proposed by Lowell Van Tassel, San Diego, Calif. 


A neurologist wishes to calculate the total number of different ways that nerve 
cells can be linked pair wise, that is, two-by-two. For a small animal brain of 
only a million cells, he calculates. 


10)2:783,000, 


(a) Comment of his answer; (b) find a general solution for a brain of m (m even 
and very large) cells. 


Solution by Alan Wayne, Baldwin, New York. 


(a) In the given answer, neither the accuracy nor the precision of the result is 
stated. What is given is merely an order of magnitude. 
(b) We shall solve the problem by two different methods. 


Method I 


Let f(n—2) be the number of different sets of (n—2) cells, for n=4, 6, 8,..., 
in which each set consists of }(m—2) pairs of linked cells, each pair disjoint from 
every other pair. Consider just one of these sets. Add 2 new cells to the set, 
making 3 possible pairs. To form new linked pairs, we have either to break up 
one of the existing pairs, or else to just link together the two newly added cells. 
To do anything else is to overlap in our subsequent enumeration of patterns. 
Hence the number of different patterns of 3m pairs formed from each set of 
3(n—2) pairs is 2[}(m—2)]+1; that is, (n—1). Consequently, f(m)=(n—1) 
f(n—2), and /(2)=1. These recursion relations lead to the relation 


(1) I(n) =(n—1)(n—3)(n—S) - - - (5)(3)(1), for n=2, 4, 6, - 
This may be transformed to the form 
(2) = 


| 
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For n very large, Stirling’s Approximation is n/ ~ /2rn n" e, and this yields 
(3) S(n) = V/2(n/e)”'*. 


For one million cells, #= 10°, and a calculation to five significant figures yields 


Method II 


We generalize the problem to determine the number of different patterns of 
disjoint m-chains possible from mk cells, for natural numbers n=mk. An m- 
chain is defined as a permutation of m cells in which two permutations are 
counted as different m-chains if an only if either permutation is not a reflection 
(reverse order) of the other. Then to form each pattern we must distribute the mk 
cells, m at a time, into k compartments all alike. If the compartments were all 
different, the number of patterns would be 


mk\ (/mk—m\ {mk—2m 2m\ fm 
GG 
m m m m m 
where the last factor is used to count reflected permutations as the same. But 
since the compartments are all alike, we must divide the above expression by 
k!, and the result may be put into the form 
(4) f(n) = f(mk) = 
Setting m=2, and k=n/2, we obtain the relation (2) above, and the rest is 
as before. 
A solution was also offered by the proposer. 
2727. Proposed by W. R. Talbot, Jefferson City, Mo. 
Without the use of decimals determine whether the quantity 13\/5—94/10 
+7./17—5,/34 is positive or negative. 
Solution by C. W. Trigg, Los Angeles City College 
Assume that 
—5\/34>0, 
then 
V5(13 —9y/2) > V/17(54/2—7). 
5(169—234,/2+4 162) > 17(50—70/2+49) 
1655—1170\/2> 1683—1190,/2 
20,/2> 28 
800> 784 
Therefore the assumption was correct, so the given quantity is positive. 
Solutions were also offered by Merrill Barnebey, Tougaloo, Miss.; Robert 
Beckett, Calexico, Calif.; Felix John, Philadelphia, Pa.; Herbert R. Leifer, 
Pittsburgh, Pa.; Horace Mouser, Belleville, Mich.; Bernard T. Pleimann, 
Gardena, Calif.; Edith Robinson, Madison, Wis.; Alan Wayne, Baldwin, N. Y.; 
Dale Woods, Kirksville, M.; and the proposer. 
2728. Proposed by Cecil B. Read, University of Wichita, Wichita, Kans. 
Find a two digit number equal to the square of the ten’s digit plus the square 
of the sum of its digits. 
Solution by the proposer 


We have to solve #+(¢+u)*= 101+. Considering this as a quadratic in ¢, the 
roots are real if 25—u(u+8) is positive, which is true for u=0, 1, 2; the roots 


| 

lke 

a 
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are rational for w=0 or 1, but irrational if w= 2. The possible numbers are 50 and 


Solutions were also submitted by Robert B. Beckett, Calexico, Calif.; Samuel 
D. Edwards, Andover, Mass.; Enoch J. Haga, Vacaville, Calif.; Felix John, 
Philadelphia, Pa.; Margaret Joseph, Milwaukee, Wis.; Mother Alphonsa Kohne, 
O.S.U., Arcadia, Mo.; Herbert R. Leifer, Pittsburgh, Pa.; Mart E. Mitchell, 
Plainfield, Ill.; Horace L. Mourer, Belleville, Mich.; Bernard T. Pleimann, 
Gardena, Calif.; W. R. Talbot, Jefferson City, Mo.; C. W. Trigg, Los Angeles, 
Calif.; Alan Wayne, Baldwin, N. Y.; Dale Woods, Kirksville, Mo. 


2729. Proposed by G. P. Speck, Virginia, Minnesota 


Prove or disprove the following conjecture: Given any real number r, for 
every e>O there exists a pair of integers (m,m) such that m—nr>e. 


Solution by Edith Robinson, Madison, Wis. 


(1) The pair (0,0) is always a solution. 

(2) If it is desired to find integers m and n with m0 and nO, these integers 
must fit the compound condition m—mr<e and m—mr<—e. Now, since —e 
<0 <e, integral solutions to m—nr=0 will do. This is equivalent to m/n=r, so 
if r is a rational number, there are infinitely many pairs of integers which will 
make m—umr <e. 

However, if r is irrational, m and m cannot both be integers and m/n=r. 
But the problem does not require that m—nr=0, only that it be as close as we 
wish to 0, so that we need only find integers m and m such that m/n shall be as 
close as we wish to r. By the properties of the real numbers, such integers can be 
found. 


Hence given the real number r, for every e> 0, there exists a pair of integers (m,n) 
such that m—nr <e. 

(3) The above discussion referred to the case where r>0; the argument is 
the same for r <0. 


A solution was also offered by Alan Wayne, Baldwin, N. Y. 


2730. Proposed by Felix John, Philadelphia, Pa. 


Show that every prime factor is contained in (m+r)! as often at least as it is 
contained in 


Solution by C. W. Trigg, Los Angeles City College. 


It is well-known that the binomial coefficient (n+r)!/n!r! is an integer. Hence 
the proposition. 
This is the same as problem 2686 which appeared in the January 1960 issue. 


A solution was also submitted by Bernard T. Pleimann, Gardena, Calif.; 
Alan Wayne, Baldwin, N. Y., and the proposer. 


STUDENT SOLUTIONS 
S-3. Proposed by Lowell Van Tassel, San Diego, Calif. 


Calculate, in the duodecimal system (radix=12, 10=#, 11=e) the following 
values, retaining results in the duodecimal system. (Remark: It is considered 
cheating to multiply the translated problems in the decimal system and then 
re-convert.) 

(a) (tete)? (d) (toe)* 
(b) (ete)* toot 


(c) (tete) X (ete) tet 


658 School Science and Mathematics 


Solution by Samuel D. Edwards, Andover, Mass. 
(a) (tete)? = 


t0t02121 Ans. 


(b) (ete)? = ete e9t121 
X ete X ete 
teO1 tt030te 
9e12 9t24e8t 
te01 tt030te 
e9t121 €8936188e Ans. 
\ 
(c) tete X ete = tete 
X ete 
t0e01 
91e12 
t0e01 
tte0121 
(d) (t0e)® toe 8564t1 5e710t8t5181 
xX toe X 8564t1 xX t0e 
92t1 8564t1 5575e9t16864e 
84920 707404t 4e7 tt 8e48348t0 
29t1744 
J 8564t1 4292506 501462e264e544e Ans, 
3638025 
5783288 
5e710t8t5181 
t 
(e) toot 
— = tet) toot 
91t4 
t26 


S-4. Taken from Mathematical Pi. 


The Geometry teacher, feeling the need for some fresh air, glanced at the clock 
as he went out at some time between 4 and 5 P.M. 

On his return about 3 hours later, he noticed that the hands of the clock had 
exactly changed places. What was the time of his departure? 


Solution by Enoch J. Haga, Vacaville, California. 


Since the teacher left between 4 and 5 p.m., he must have returned between 
7 and 8 p.m. As the little hand was limited to the face of the clock between 4 and 
4 5 when the teacher departed, it was likewise limited to the face of the clock be- 
; tween 7 and 8 when the teacher returned. As the hands changed position, the 
teacher left the room at 4:37 p.m. and returned at 7:23 p.m. The teacher was 
out of the room for 2 hours and 46 minutes. 


X tete 

t0e01 

91e12 

t0e01 
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STUDENT HONOR ROLL 


The Editor will be very happy to make special mention of classes, clubs, 
or individual students who offer solutions to problems submitted in this de- 
partment. Teachers are urged to report to the Editor such solutions. 

Editor’s Note: For a time each student contributor will receive a copy of 
the magazine in which his name appears. 

For this issue the Honor Roll appears below. 


2727, 2728, 2729, 2730. Lee. Mitchell, Glencoe, Til. 
2728. Floyd D. Wilder, Nazarene College, Bethany, Okla. 


PROBLEMS FOR SOLUTION 
2749. Proposed by G. P. Speck, Virginia, Minn. 


If a spoke of a wheel is initially perpendicular to the horizontal, determine 
the area cut by the spoke as the wheel rolls along the horizontal completing one 
revolution. 


2750. Proposed by Robert L. Guderjohn, Eugene, Ore. 
How many ways will m like balls go into m different boxes? 


2751. Proposed by C. W. Trigg, Los Angeles, Calif. 


The midpoints of the sides of an equilateral triangle are joined, thus forming 
an assemblage of nine equal line segments. (a) Starting at a particular vertex, 
how many continuous paths may be followed, by traversing each segment once 
only while returning to the starting point? (b) How many essentially different 
path patterns are involved? 


2752. Proposed by Donald R. Byrkit, West Chicago, Ill. 


The thirteenth of the month is more apt to be Friday than any other day of 
the week. Prove that this is true or false. 


2753. Proposed by Walter H. Carnahan, Madison, Ind. 


I was riding on a train from Chicago to New York. I called the porter and 
asked for a table to be placed in my roomette so that I could work on a manu- 
script. When he set up the table I laid out some mathematics manuscript and 
began to work. He saw the numbers and sketches but made no remark. However 
later he returned, laid a piece of paper on my table, and said, “Suh, can you 
tell me how come that is so? A man he give me them numbahs.” On the paper, 
was written the expression 342 =97. Now, I ask you to explain how come? 


2754. Proposed by Enoch J. Haga, Vacaville, Calif. 
An accounting student had the multiplication to perform: 


219912000 
64 


Mystified to learn that the product exactly equaled the multiplicand, he re- 
checked his work and found that he had made no mistake in his multiplication. 
What was his error? 


Depleted uranium can be used in the steel industry, in the construction of 
shielding materials and in various alloys it is believed. Stocks of depleted 
uranium, from which the fissionable isotope U-235 has been extracted, are ac- 
cumulating at a rate of tens of millions of pounds a year. 

Metallurgists state that uranium is still too expensive to compete with metals 
now used in the steel and alloy industries, but that the price might be lowered if 
increased demand were to lead to better methods of preparation. 
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ANALYSIS OF RESEARCH IN THE TEACHING OF MATHEMATICS, by Kenneth E. 
Brown, Specialist for Mathematics, Office of Education and John J. Kinsella, 
School of Education, New York University. Paper. 50 pages. 23X15 cm. 
Bulletin 1960, No. 8. U. S. Department of Health, Education, and Welfare, 
Washington, D. C. 


RETHINKING SCIENCE EpvucaTion, Prepared by the Yearbook Committee, 
Edited by Nelson Henry. Paper. 23X15 cm. Pages xviii 344. 1960. The Uni- 
versity of Chicago Press, Chicago, Illinois. 

From ZERO TO INFINITY, by Constance Reid. Cloth. 20.5 13.5 cm. 161 pages. 
1960. Thomas Y. Crowell Company, 432 Fourth Avenue, New York, N. Y. 
Price $3.95. 


STRUCTURE AND CHANGE, by G. S. Christiansen and Paul H. Garrett. Cloth. 608 
pages. 25.5X18.5 cm. 1960. W. H. Freeman and Company, 660 Market St., 
San Francisco 4, California. Price $8.75. 


Figures OF EQuILIBRIuM OF CELESTIAL BopiEs, by Zdenek Kopal. Cloth. 135 
pages. 23.515 cm. 1960. The University of Wisconsin Press, 811 State Street, 
Madison, Wisconsin. Price $3.00. 


NAIVE SET THEORY, by Paul R. Halmos, Professor of Mathematics, The University 
of Chicago. Cloth. Pages vii 104. 23.5 15.5 cm. 1960. D. Van Nostrand Com- 
pany, Inc., 120 Alexander Street, Princeton, New Jersey. Price $3.50. 


Tue Macic or RuBBER, by E. Joseph Dreany. Cloth. 92 pages. 21.516 cm. 
1960. G. P. Putnam’s Sons, 210 Madison Avenue, New York, N. Y. Price 


$2.75. 


A BIBLIOGRAPHY OF REFERENCE Books FOR ELEMENTARY SCIENCE, by George 
G. Mallinson, Western Michigan University, Kalamazoo, Michigan, and 
Jacqueline V. Buck, Formerly, Grosse Pointe Public Schools, Grosse Pointe, 
Michigan. Paper. 28X 21.5 cm. 40 pages. 1960. The National Science Teachers 
Association, 1201 Sixteenth Street, NW, Washington, D. C. Price 50 cents. 


HEREDITY AND HumAN Nature, by David C. Rife. Cloth. 265 pages. 20.513 
cm. 1960. Vantage Press, Inc., 120 W. 31 Street, New York 1, N. Y. Price 
$4.50. 
FREE AND INEXPENSIVE LEARNING MATERIALS. Paper. 252 pages. 21.5 14 cm. 


1960. Division of Surveys and Field Services, George Peabody College for 
Teachers, Nashville 5, Tennessee. Price $1.50. 


MoperN ForeicN LANGUAGES IN HiGH ScHoot, by Patricia O’Connor, Con- 
sultant for Foreign Languages. Paper. 49 pages. 23.515 cm. Bulletin 1960, 
No. 9. U. S. Department of Health, Education, and Welfare, Office of Educa- 
tion, Washington, D.C. 

I Lixe ButterFiies, by Gladys Conklin. Cloth. 25 pages. 25X18 cm. 1960. 
Holiday House, 8 West 13th Street, New York 11, N. Y. Price $2.95. 


660 


E 


Books and Teaching Aids Received 661 


Can I Be A TECHNICIAN? Paper. 16 pages. 21X14 cm. 1960. General Motors 
Corporation Rublic Relations Staff, P.O. Box 177, Detroit 2, Michigan. 
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University , Cleveland, and Nelson F. Beeler, State University College of Educa- 
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New York. Price $2.75. 


EXPLORING THE AIR OCEAN, by Frank Forester. Cloth. 70 pages. 2214 cm. 
1960. G. P. Putnam’s Sons, 210 Madison Avenue, New York, New York. 
Price $2.75. 


A PRIMER OF REAL Functions, by Ralph P. Boas, Jr., Professor of Matehmatics, 
Northwestern University. Cloth. Pages xiii+189. 18.512.5 cm. 1960. Pub- 
lished by The Mathematical Association of America. Distributed by John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 16, New York. 


PLANE TRIGINOMETRY, 4TH EpITION (WITH TABLES), by Fred W. Sparks and 
Paul K. Rees. Cloth. Pages 232+76. 22.5 14.5 cm. 1960. Prentice-Hall, Inc., 
70 Fifth Avenue, New York 11, New York. Price $4.95. 


INTERMEDIATE ALGEBRA, by Lovincy J. Adams, Santa Monica City College. 
Cloth. Pages xiiit+414. 21X14 cm. 1960. Henry Holt and Company, 383 
Madison Avenue, New York 17, New York. Price $4.50. 


INTRODUCTION TO ANALYTIC GEOMETRY AND LINEAR ALGEBRA, by Arno Jaeger, 
University of Cincinnati. Cloth. Pages xii+305. 23.515 cm. 1960. Henry Holt 
and Company, 383 Madison Avenue, New York 17, New York. Price $6.00. 


CHEMICAL PERIODICITY, by R. T. Sanderson, Professor of Inorganic Chemistry, 
University of Iowa. Cloth. Pages x+330. 2620.5 cm. 1960. Reinhold Pub- 
lishing Corporation, 430 Park Avenue, New York 22, New York. Price College 
edition $9.75, Trade edition $11.75. 


OrGANIC CHEMisTRY, by Allan R. Day, Professor Chemistry, University of 
Pennsylvania, and Madeleine M. Joullie, Assistant Professor of Chemistry, 
University of Pennsylvania. Cloth. Pages vi+-864. 22.515 cm. 1960. D. Van 
Nostrand Company, Inc., 120 Alexander Street, Princeton, New Jersey. Price 
$9.50. 


MopeERN AsPECTs OF INORGANIC CHEMISTRY, by H. J. Emeleus Professor of In- 
organic Chemistry, University of Cambridge, and J. S. Anderson, Director, 
National Chemical Laboratory. Cloth. Pages xi+611. 21.5X13.5 cm. 1960. 
D. Van Nostrand Company, Inc., 120 Alexander Street, Princeton, New 
Jersey. Price $7.75. 


AN APPROACH TO NATURAL SCIENCE, by Brehaut, Dawson, Grimsdell, Paul, and 
Skull. Cloth. 264 pages. 20X13 cm. 1960. Methuen and Company, 36 Essex 
Street, Strand, London, England. 


Puysics CALCULATIONS, by George I. Sackheim, University of Illinois, Paper. 
267 pages. 28X20 cm. 1960. The Macmillan Company, 60 Fifth Avenue, 
New York 11, New York. Price $3.50. 


Tue Rockets’ Rep GLARE, by Mortimer W. Lawrence. Cloth. 121 pages. 
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20.5 13.5 cm. 1960. Coward-McCann, Inc., 210 Madison Ave., New York, 
N. Y., Price $2.75. 


ALUMINUM FROM WATER, by Sabra Holbrook. Cloth. 121 pages. 20.5 13.5 cm. 
1960. Coward-McCann, Inc., 210 Madison Ave., New York, N.Y. Price $2.75. 


ANALYTIC GEOMETRY, 3rd Edition, by John W. Cell. Cloth. Pages xii, 330. 
13.5% 21.5 cm. 1960. John Wiley and Sons, Inc., 440 Fourth Avenue, New 
York 16, N. Y. Price $4.95. 


ELEMENTARY Sratistics, by Paul G. Hoel, Professor of Mathematics, University 
of California, Los Angeles. Cloth. 261 pages. 22.5 14.5 cm. 1960. John Wiley 
and Sons, 440 Fourth Avenue, New York 16, New York. Price $5.50. 


MODERN MATHEMATICS, by Samuel Altwerger. Cloth. Pages xii 462. 15.5 23.5 
cm. 1960. The Macmillan Company, 60 Fifth Avenue, New York 11, N. Y. 
Price $6.75. 


ATOMIC AND NUCLEAR PuHysics, by Robert S. Shankland, Ambrose Swasey Pro- 
fessor of Physics, Case Institute of Technology. Cloth. Pages xvi 665. 15.5 23.5 
cm. 1960. The Macmillan Company, 60 Fifth Avenue, New York 11, N. Y. 


SPECIAL Functions, by Earl D. Rainville, Ph.D., Professor of Mathematics, 
University of Michigan. Cloth. Pages vi 365. 23.5 16 cm. 1960. The Macmillan 
Company, 60 Fifth Avenue, New York 11, N.Y. Price $11.75. 


ALGEBRA AND TRIGONOMETRY, by Edward A. Cameron, University of North 
Carolina. Cloth. Pages xi 290. 23.515 cm. 1960. Henry Holt and Company, 
383 Madison Avenue, New York 17, N. Y. Price $5.00. 


Book Reviews 


Puysics, FOUNDATIONS AND Frontiers by George Gamow and John M. Cleve- 
land. Cloth. 1960. v-xviii+551 pages. Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey. 15X23 cm. 


Physics, Foundations and Frontiers is an introductory-college-physics text- 
book. It is written primarily for students in liberal arts programs. 

The authors have attempted to present topics traditionally covered in college 
as well as present a considerable amount of new approach in a course of this 
kind. Much of the material has been taken from Dr. Gamow’s physical science 
book Matter, Earth, and Sky. However, most of the material is new. 

The mathematics has been kept as such a level that a student with a good back- 
ground in high-school algebra should follow the derivation of equations and 
formulas. 

The textbook is well illustrated and the drawings are excellent. The test ma- 
terial is readable, interesting and written only as these authors could write it. 

It is the opinion of this reviewer that this would be an excellent textbook for 
students in liberal arts. The student would have a considerable background in 
classical as well as modern physics. 

J. Bryce Lockwoop 
Highland Park Junior College 
Highland Park, Mich. 


SATURDAY SCIENCE by Scientists of the Westinghouse Research Laboratories. 
1960. Cloth. 16 24 cm. 333 pages. E. P. Dutton & Company, Inc., New York. 


Saturday Science is the outgrowth of a series of lectures presented in the Wes 
tinghouse Science Honors Institute since 1957. The lectures were presented to 
approximately two hundred high-school students from the Pittsburgh area. 
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The topics included in the book are: Light, Electrons and Crystals; Atomic 
Collision and Gas Discharge; Atomic Nuclei and Radioactivity; Low Tempera- 
ture Phenomena; Chemistry of Solids; Physics of Metals; Microstructure and 
Heat Treatment of Metals; Surface Filmson Metals; Propulsion; Mathematics, 
Experimental Science; Inhuman Arithmetic: Maxima and Minima in Physical 
Processes; Modern Analytical Methods; and Interdisciplinary Nature of Science. 
Obviously, the areas covered are not ordinarly treated to a great extent in either 
high school or college level. 

The book contains excellent diagrams and is well illustrated and interestingly 
written. 

This book would be an excellent addition to any science library. It might also 
be useful to the science teacher to supplement his lectures and bring him up to date 
on recent advances in the physical sciences. 

J. Bryce Lockwoop 


SINCE 1931 SCIENCE FILMSTRIPS SINCE 1931 


MADE BY TEACHERS FOR TEACHERS 
BIOLOGY HEALTH & SAFETY PHYSICS GENERAL SCIENCE 
CHEMISTRY ATOMIC ENERGY MICROBIOLOGY 
Available under National Defense Education Act (P.L. 864, TITLE II!) 


Box 599SSM VISUAL SCIENCES Suffern, New York 


‘The answer 


to the 
7th 

grade 
problem.” 


Educational Book Division, Prentice-Hall, Englewod Cliffs, New Jersey 
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Symbols of Excellence 
in Modern Mathematics (nstruction 


ALGEBRA: ITS BIG IDEAS AND BASIC SKILLS, Modern Mathematics 
Edition, Books | and ||, by Aiken, Henderson, and Pingry is modern in 
method and modern in content. These books cover all the topics recom- 
mended by mathematics study groups, stress modern applications, and 
highlight the structure of mathematics. 


MODERN MATHEMATICS: TOPICS AND 
PROBLEMS by Aiken and Beseman is the 
most widely acclaimed modern mathe- 
matics text in the high school field today. 
It presents the following topics in language 
high school students can understand: 
Introduction to Sets, Universe and Variable, 
Conditions and Solution Sets, The Number 
Line, Ordered Pairs and Conditions with 
Two Variables, Functions, Intersection of 
Sets, Union of Sets, More about Sets and 
Set Operations, First Notions in Statistics. 


If you are not familiar with these outstand- 
ing texts in modern mathematics, write for 
an examination copy to 


School Department McGRAW-HILL BOOK CO., INC. 
330 West 42d Street. New York 36, New York 


Please Mewotion School Science and Mathematics when answering Advertisements 
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Designed for the forward looking teacher 
and the contemporary student of Mathematics .. . 


MODERN TRIGONOMETRY 


By Dick Wick Hall, Harpur College, State University of New York, and 
Louis O. Kattsoff, Boston College. This book uses the analytical approach and 


emphasizes the ability to reason about the trigonometric functions. Rectangular 


and polar coordinates are introduced at the beginning and treated simul- 
taneously throughout the text. The usual distance formula in rectangular 
coordinates is translated into polar coordinates, and as a result, two of the 


most modern proofs of elementary trigonometry are obtained. One of these 


gives the law of cosines, while the other gives the formula for the cosine of 


the difference of two angles. 


This method obviates the usual approach, in which the trigonometric func- 
tions of the general angle « are defined by the introduction of the three num- 
bers x, y, and r, However, while traditional texts point out that (x,y) are the 
rectangular coordinates of a point on the terminal side of the angle a in 
standard position, they fail, at the beginning of the course, to indicate that 


(r, a) is one set of polar coordinates for the same point. 


Meets the growing demand for a book that is 
both elementary and modern... ~ 


This book will develop maturity of insight into the techniques as well as the 


ideas of trigonometry without stressing one to the disadvantage of the other. 
The authors believe that the ability to handle the techniques intelligently is 
a sign of a true understanding of the ideas. 


For those mathematicians who still enjoy the teaching of the solution of 
triangles, it should be pointed out that this topic has not been neglected. 


1961. Illus. Approx. 288 pages. Prob. $4.95. 


Write to reserve an examination copy today. 


JOHN WILEY & SONS, Inc. 440 Park Avenue South, New York 16, N.Y. 
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Four new classroom-built textbooks tailored to modern curriculum needs. . . 


e HOLT ARITHMETIC 1 and 2 


KINNEY, BROWN and BLYTHE 
For grades 7 and 8 


e MODERN SPACE SCIENCE 


TRINKLEIN and HUFFER 


Up-to-date exploration of our universe for science-minded students in Senior High 
School 


e PHYSICS PROBLEMS 


CASTKA and LEFLER 
A work-text and sourcebook for the student who is seriously interested in physics 


. . . and three books published earlier this year widely acclaimed by teachers across 
the nation 


e MODERN PHYSICS 1960 


DULL, METCALFE, and WILLIAMS 


e MODERN BIOLOGY 1960 


MOON, OTTO, and TOWLE 


e HOLT GENERAL MATHEMATICS 


KINNEY, RUBLE, and BLYTHE 
For the 9th grade course 


383 Madison Avenue 536 Mission Street 
New York 17 San Francisco 5 
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@ To promote interest in Mathematical outside 

activities on the part of pupils, we are including 
an eight page section on Mathematics—on the im- 
portance of Mathematics to individuals and pre- 
senting learning aids—in our catalog which has a 
circulation of over a half a million so that the im- 
portance of Mathematics is brought to the atten- 
tion of many people. 


Also, we offer dozens of low-cost Scientific items 
—for learning, teaching, experimentation. Watch 
our advertisements for new items. We will greatly 
appreciate it if you as a teacher will recommend 
us to pupils interested in learning aids, books, etc. 


D-STIX CONSTRUCTION KITS 


You can increase interest in geom- 

etry and teach it better by using D- 

Stix. Solid geometry is fun for pu- 

pils when you show them actual visu- 

alizations of regular polyhedrons, 

f geometric figures from triangules and 

ey cubes through such multiple sided 
figures as icosahedrons, dodecahe 
OZ drons, ete. 220 pieces, 5, 6 and 8 
sleeve connectors, 2”, 3”, 4", 5”, 6’’ 

and 8” colored D-Stix 


Stock No. 70,209-DK $3.00 Postpaid 
370 pieces, including 5, 6 and 8 sleeve connectors, 2”, 


3”, 4”, 5”, 6”, 8”, 10” and 12’ D-Stix_in colors. 
Stock No. 70,210-DK $5.00 Postpaid 


452 pieces, includes all items in 70,210 above, plus long 
uripainted D-Stix for use in making your own designs. 
Stock No. 70,211-DK $7.00 Postpaid 


Offspring of Science . . . REALLY BEAUTIFUL! 


CIRCULAR DIFFRACTION-GRATING 


JEWELRY 
A Dazzling Rainbow of Color! 


This new kind of jewelry is capturing 
attention everywhere. Shimmering rain- 
bows of gemlike color in jewelry of ex- 
quisite beauty—made with CIRCULAR 
DIFFRACTION-GRATING REPLICA. 
Just as a prism breaks up light into its 
full range of individual colors, so does 
the diffraction grating. 


Stock No. 30,349-DK—Earrings $2.75 Pstpd. 
Stock No. 30,350-DK—Cuff Links $2.75 Pstpd. 
Stock No. 30,372-DK—Pendant $2.75 Pstpd. 
Stock No. 30,390-DK—Tie-Clasp .. $2.75 Pstpd. 


NEW! GRAPH RUBBER STAMP 


Real time and labor saver for math 
teachers. If your tests require graph 
backgrounds—no need to attach sep- 
arate sheets of graph paper and 
worry about keeping them straight. 
Simply stamp a graph pattern, 3” 
square as needed on each paper. 
Grading graph problems then be- 
comes 100% easier. Stamps are 3” 
square overall—2 different patterns. 


Stock No. 50, 255 DK (100 blocks) $3.00 Pstpd. 


Stock No. 50,351-DK (16 blocks) .... . $3.00 Pstpd. 
Polar Coordinate Graph Stamp— Diam. 


Stock No. 50,359-DK $3.00 Pstpd. 


MATH SCIENCE AIDS 


LARGE-SIZE OPAQUE PROJECTOR 


Ideal for enlarging and projecting 
drawings, photo’s, formulas, etc. 
for classroom study. Low-cost unit 
takes any opaque copy up to 6” x 
6”’—projects image 3% feet square 
at 6 feet, 7% feet square at 12 
feet—in true color, exact propor- 
tions. Broadens use of visual aids. 
Increases class interest. Projector 
is 11%” high, 13%” wide, 9” front 
to back, pressed steel in black wrinkle finish, bakelite 
handie. Lenses are 2 plano-convex, 3%” diameter, 
mounted in 5%” barrel. Uses two 200-watt bulbs, not 
included. Complete with slide platform to hold illus- 
trations, 6-ft. electric cord, heat resist. plate glass 
mirror. 


Stock No, 80,066-DK $42.00 Postpaid 


ERECT IMAGE MICROSCOPE 
IDEAL FOR SCIENCE CLASS 


_ .. Erect image feature, extra-long working 
i j distance for viewing large objects, and 
in simplicity of operation make this ‘scope 
right for beginning science students. 
Sturdy construction with stable horse- 
shoe base. 5X—10X and 20X Lenses and 
up to 40X with accessory objectives. All 
lenses achromatic—no rainbow effects. 
Easy to focus with rack and pinion. Rub- 
ber eyeguard and wide-diameter eye- 
& piece for easy viewing. 8%” tall in lowest 
= position—weight 4 lbs. Optical parts 
pans to those in $60 ‘scope. 


Stock No. 70,172-DK $19.95 Postpaid 


RIPPLE TANK 
Simplifies Teaching of Wave Motion of Light 


One-piece, leak-proof tank is 

made of optically transparent 

plastic with a clear area 

20” x 20” y eep. The 

rigid wood "frame in 

two identical units, the bot- 

tom frame receiving the water 

tank and the upper frame hold- 

ing a rigid, translucent plastic 

projection screen. A clear bulb 

placed beneath the tank provides 

illumination for __ projection. 

Mechanism is actuated by an 

eccentric fastened directly to the 

small motor shaft. Wave vibra- 

tions are transmitted to the 

water surface through a leaf 

spring supported rod, to give parallel wave front or 
point source agitation with the supplementary attach- 
ment which is included. Motor is operated by two 
flashlight batteries in a brass case with a sturdy rheo- 
stat to vary the speed. Order today. Low cost permits 
purchase in quantity. 


Stock No. 85,064-DK .. 
(Shipping weight 35 Ibs.) Barrington, N.J. 


Write FREE CATALOG—DK 


for 
144 Pages! Over 1000 Bargains! 


America’s No. 1 source of supply for 
low-cost Science Teaching Aids, for 
experimenters, hobbyists. Complete line 
of Astronomical Telescope parts and 
assembled Telescopes. Also huge selec- 
tion of lenses, prisms, war surplus op- 
tical instruments, parts and acces- 
sories. Telescopes, microscopes, satellite 
scopes, binoculars, infrared snipper- 
scopes, math learning and teaching 
aids. Request Catalog—‘‘DK”’ 


ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER. SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC NEW JERSEY 
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Important for all advisors, 


educators, and parents— 


THE HANDBOOK OF 
PRIVATE SCHOOLS 


41st edition, 1960 
illus., 1280 pp., red cloth, $10.00 


An Annual Descriptive Survey of 
Independent Education 


The new 1960 HANDBOOK presents the 
most current, unbiased data on over twenty- 


five hundred independent educational in- 


How to dramatize 


science in the 
primary grades 


Here is an ingenious new visual method 
for bringing basic science concepts to 
life for children as young as eight years. 
MOTOGRAPH SCIENCE CHARTS 
enable teachers and even youngsters to 
demonstrate scientific principles in action. 
Colorful, sturdy, 13 x 17 inches each, 
easily visible from all parts of a classroom, 


employing removable parts and detachable 
adhesive labels. Designed for us by Harry 
Milgrom, supervisor of elementary science 
for New York City Board of Education, 
MOTOGRAPH SCIENCE CHARTS deal 
with: The Eye; The Seasons; How the 
Day Grows; Thermometer; Electric Bell. 
Five charts, fully assembled, $1.95 each. 
Quantity discounts for schools. For com- 
plete catalog of PORTABLE LABOR- 
ATORY teaching aids, write Science 
Materials Center, 59 Fourth Avenue, New 
York 3, N.Y. Dept. M-169 


stitutions, both primary and secondary, 


throughout the country. 
Order from 


PORTER SARGENT PUBLISHERS 
11 Beacon Street Boston 8, Mass. 


ANNOUNCING TWO NEW FEATURES OF THE 
DISTINGUISHED EDUCATION PROGRAM OF 
THE MANUFACTURING CHEMISTS' ASSOCIATION 


GUIDE TO EDUCATION AIDS AVAILABLE FROM THE CHEMICAL INDUSTRY 


A 20-page booklet describing contents and sources of more than 150 brochures, 
folders, bulletins, flow-charts and other literature, prepared by the Association’s 
Member Companies and MCA itself. Screened by nationally known authorities, 
these materials have particular value to teachers and students of chemistry. It’s 
a companion piece to MCA’s “Film Guide to Chemicals, Chemistry and the 
Chemical Industry.” Single copies free to educators. 


CAREERS AHEAD IN TrE CHEMICAL INDUSTRY 

A fully illustrated presentation of the numerous opportunities offered by one 
of America’s fastest growing major enterprises. Featured are the results of a 
recent interview with industry executives indicating the personal and professional 
qualifications expected of candidates for employment. It’s valuable not only 
to those who hold the title “Counselor,” but also to teachers, parents, and 
senior-high students themselves who guide each other into the days ahead. 


Up to 20 complimentary copies provided to any one school. Address request to: 


Director of Education 
Manufacturing Chemists’ Association, Inc. 
1825 Connecticut Avenue, N. W., Washington, D. C. 


(For description of MCA’s entire aid-to-education program, 
also ask for a copy of “An Industry Helps Our Schools.”) 


Please Mention School Science and Mathematics when answering Advertisements 


. 
at 
| 


A LOT OF PHYSICS 
AT A LOW COST 


; A complete set of electric 
circuit experiments may be 
performed with this electri- 

cal experiment board!! 


Model No. 240-K 


; ! Because they are carefully chosen, most parts are used in several different experiments with 

¢ no loss in instructional value. No lost or misplaced parts—all parts are mounted. Voltmeter 
‘ and ammeter are both high quality D’Arsonval moving coil type meters-rated accuracy, within 

2% of full-scale. 

Experiment manual contains explicit instructions for performance of the following 10 experi- 

ments: 


Series Combinations of Electric Cells 

. Parallel and series-parallel combination of cells 
Ohm’s Law 

Resistances in series and in parallel 
Series-Parallel Circuits 

The Resistance of Wires 

. Kirchhoff’s Laws 

Extending the Range of Voltmeters 

. Extending the Range of Ammeters 

. Electric Power and Lamps in Series and Parallel 


K-W LABORATORY 
F.O.B. Kingsville, Texas P.O. Box 1022—Kingsville, Texas 


The Chemical Elements and Their Isotopes 


by Gorpon, University of Chicago 


A 38 page booklet in which the isotopes of the chemical elements are described 
and tabulated. The booklet discusses the properties of the elements which allows 
them to be placed into unique positions in the periodic table. “Isotopes” and 
“Radioactivity” are also explained in the beginning of the booklet. The tables 
contain 975 isotopes of the 103 elements. The following information is compiled 
in the tables: Atomic weight, % occurrence, type of radiation, and the half-life 
of the isotopes. A periodic table and a fold-out chart which graphically displays 
the Parent and Daughter produéts of the four radioactive series is also included. 


Price 95¢ each plus so¢ Mailing Charge 


TREE OF KNOWLEDGE—2734, x 21” Wall Chart in Color. Price 75¢ each plus 
20¢ Mailing Charge. 


YOU WILL LIKE GEOMETRY. Illustrated pamphlet giving comprehensive 
presentations of the Mathematics exhibit at the Museum of Science and In- 
dustry. Price 15¢ each plus 5¢ Mailing charge. 


Address: Museum of Science and Industry 
57th & South Shore Drive 
Chicago 37, Illinois 
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WACO SEMI-MICRO APPARATUS 


WEISBRUCH-WACO 
Reagent Bottle Tray 


According to SEMI-MICRO LABORA- 
TORY EXERCISES In High School Chem- 
istry, by Fred T. Weisbruch. 

Holds complete set of student reagents in 
WACO Reagent Bottles, in rows. Made of 
hard maple and birch, a permanent piece 
used many years. Size 12 x 10% x 1% 
inches. Without bottles, $3.25 each... in 
dozen lots $2.95 each. Specify Cat. No. 
S-10490-1. 


Wilkens-Anderson has earned its 
place as specialist in Apparatus for 
Semi-Micro chemistry . . . through 
the years authors have looked to us 
for the pieces which made their 
Semi-Micro text books and man- 
uals so successful and easy to use! 
Seven text books now show WACO 
S-M apparatus! 


HAND FINISHED 
SPATULAS 


Perfectly shaped spatulas for 
Semi Micro Qualitative and 
Organic Chemistry. W A C O 
Monel Spatulas are nicely 
balanced, permanent pieces. 
Glassware breakage is re- 
duced, as scratching is elimi- 
nated. No. S-10115 WACO 
Monel Spatulas 175 mm. long. 
Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 
per 100. 


At the price, W AC O 
Spatulas class as “Non- 
Returnables!" 


Write today for FREE brochures .. . 


* Complete Catalogue WACO Semimicro Appa- 
ratus, Vol. S-1. 
¢ Listing of S-M Apparatus according to SEMI- 


MICRO LABORATORY EXERCISES In High 
School Chemistry, Fred T. Weisbruch. 


LABORATORY SUPPLIES AND CHEMICALS 


4325 W. DIVISION SrT., 


CHICAGO 51. ILLINO!IS 
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WILKENS- ANDERSON co. 


applied for Your share of 
FEDERAL NDEA MONEY? 


Have you enriched your science courses? 
As you are aware, Federal support is avail- 
able to you under Title III NDEA. Now 
you can equip your science department in 
the way you have always wanted. 

Cenco representatives have made a 
study of the Title III program and are 
qualified to give details in your area—- 
how you may apply for your share. Write 
us today—no obligation. 

To assist you further, the Cenco con- 
version list provides numbers which corre- 
spond to items in the ‘“‘Purchase Guide’’*. 
Send for PG-1 and for our suggestive list 
of apparatus. Specify elementary science, 
earth science, physics, chemistry or bi- 


ology. 
*Prepared by the Council of Chief State School Officers 


CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-L Irving Park Road e Chicago 13, Illinois 
® Branches and Warehouses—Mountainside, N. J. 


Boston e Birmingham Santa Clara Los Angeles e Tulsa 
Serving education since 1889. Houston « Toronto e Montreal e Vancouver e Ottawa 
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